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Introduction 


How does one honor a great man? In the scientific community, it 
has long been recognized that perhaps the highest honor stu- 
dents can bestow upon their teacher is to continue the work he 
has begun. This is the sentiment out of which the tradition of the 
Festschrift arose. It is a means whereby the students can join to- 
gether and communicate to their teacher what they have learned 
and how they are getting on with the work. Indeed, what better 
way could there be to demonstrate to a man, whose life has been 
devoted to his research, that his endeavors have not been in 
vain—that they continue to live and beget life? It was in this 
spirit that the present Festschrift was conceived and written. 

As a Festschrift, however, the present volume is perhaps 
unique in the sense that only two of the contributors, Inhelder 
and Sinclair, were Piaget’s students in the literal interpretation 
of having taken a degree under his direction. Some of the con- 
tributors may, in fact, have never met Piaget in person. It is a 
special tribute to Piaget that so many psychologists who do not 
speak his language and who have never attended his classes or 
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seminars, nonetheless consider him their teacher. This is due, not 
only to the breadth and originality of his research and theory, 
but also to his long and courageous persistence with problems 
and concepts totally uncongenial to the prevailing Zeitgeist. 
Piaget’s vindication lies in the fact that, despite having begun his 
research more than forty years ago, his work is today regarded 
not only as contemporary but even as avant-garde. 

We have said that the Festschrift is meant as a sort of progress 
report on enterprises initiated by the teacher. In the case of 
Piaget, there is such a wealth of starting points, so much to build 
upon and expand, that it is hard to know where to begin. Some 
of our contributors have addressed themselves principally to the 
analysis and explication of Piaget’s conceptualizations, some to 
the research problems and possibilities raised by the Genevan 
investigations, and some to the practical applications of Piaget’s 
work. We have therefore grouped the papers in this volume ac- 
cording to their primary concern, whether with conceptual, re- 
search, or practical issues and shall introduce them in that order. 
Each of the contributors to this book is likely to have at one time 
or another concerned himself with each of these approaches to 
Piaget’s opus, so their present contributions should be regarded 
as reflecting only upon their present preoccupations and not 
upon the full range of their concerns. 


Theoretical perspectives 


Piaget’s concepts were born in biology and were nurtured by 
logic. When one first reads Piaget, such concepts as assimilation, 
accommodation, schemata, stages, and operations are likely to 
seem utterly foreign. American psychologists, at any rate, have 
not been accustomed to thinking of behavior in these terms, and 
the tendency is to suppose that Piaget is using these concepts as 
analogy. Nothing could be further from his intention. For Piaget, 
when an infant puts everything he grasps into his mouth this is 
assimilation and the scheme actually abides in the action itself. 

The continuing attempt to assimilate Piagetian concepts 
within American psychology is reflected in the papers of the first 
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section. Hunt makes this progressive assimilation explicit by 
suggesting how Piaget’s conceptualizations compare and con- 
trast with other leading conceptualizations and how they have 
fed into the current critiques of our traditional views regarding 
motivation, learning and intelligence. Although Hunt is appre- 
ciative of the Piagetian concepts and recognizes that they have 
played an important role in the revitalization of psychological 
theorizing, he nonetheless argues that they are a starting point 
only and that the bulk of the work needed to explicate and refine 
them remains to be done. 

In a sense, the succeeding papers in the section on conceptual 
issues attempt such explications and refinements of the Piagetian 
concepts. The most general of these attempts is that of Flavell 
and Wohlwill, who attack a number of fundamental and abiding 
issues in developmental psychology. These authors examine some 
of the Piagetian concepts from the standpoint of competence and 
performance models derived from modern psycholinguistics. The 
focus is on some of the difficulties and biases built into our tradi- 
tional developmental concepts. Although it is in part a position 
paper, pointing to and searching for a clarification of the notions 
of structure, process, and stage, it also presents a concrete model 
for attacking some of the issues in question. 

A somewhat more limited focus is taken by Pinard and Lau- 
rendeau. These writers deal in considerable detail with the con- 
cept of stages. Developmental psychologists are perennially trou- 
bled by this concept. Like an old, comfortable pair of shoes, the 
concept of stages is hard to throw away even though one is 
aware that fashions have changed. Pinard and Laurendeau pro- 
vide an explicit and detailed defense of the stage construct as it 
is used by Piaget. It is a good defense and one that is based on 
organismic considerations that are usually ignored when, as is 
frequently the case, we are dealing with isolated experiments. At 
the heart of the stage concept is the idea of organization, and it 
is upon the demonstration of changes in mental organization that 
the battle of stages must be fought. 

Just as Piaget’s work has reemphasized the perennial problem 
of stages so too has his method of assessing concepts challenged 
conventional views of concept formation. The psychological 
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theory of concept formation, based on the ideas of abstraction 
and generalization, is perhaps one of the least satisfactory con- 
structions in psychology. It has been under repeated attack not 
only by psychologists such as Lewin (1931), Osgood (1953), 
and more recently Kendler (1964), but also by philosophers 
such as Cassirer (1923). Elkind argues that Piaget’s conservation 
problems presuppose a theory of concept formation that differs 
from the abstraction-generalization model in three significant re- 
spects, but that the Piagetian version of the concept comple- 
ments rather than supplants the classical one. The parallel be- 
tween these two conceptions of the concept and the Lewinian 
distinction between Aristotelian and Galilean modes of concep- 
tion is utilized to heighten the contrast between the two 
approaches. 

While Elkind takes up the conception of a concept implicit in 
the conservation problems, Wallach deals with the phenomenon 
of conservation itself. The extent to which the Piagetian conser- 
vation problems have captured psychologists’ fancy can only be 
appreciated by looking at the very large number of studies that 
have been and are being done in this area. These problems are, 
moreover, being used as exercises in many developmental labora- 
tory courses around the country. They have, in fact, become a 
sort of Piagetian trademark with which his name is immediately 
associated. In her lucid analysis, Wallach takes us step by step 
through the logical and empirical anomalies raised by these con- 
servation problems and arrives at an original and unexpected 
solution to the problem of the role of experience in attaining 
conservation. 


Research perspectives 


If one were to survey the areas of greatest research activity in 
contemporary child psychology, it is obvious that cognition, in- 
fancy, language, and perception would all poll close to the top. 
In each of these areas Piaget’s influence is clearly evident. This is 
all the more extraordinary when one remembers that Piaget’s 
own work has been more epistemological then psychological in 
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its intended focus. In effect Piaget has attempted to answer, or to 
provide still another answer, to such traditional problems of 
epistemology as the nature of the number concept, the role of 
perception in knowledge, and the relations between language 
and thought. It is probably because, at least in part, Piaget 
approached these problems from such a different frame of refer- 
ence that his work is so original. y 

For the psychological researcher, Piaget’s investigations pose a 
great many difficulties. Quite aside from his disregard of the 
accepted canons of conducting and reporting psychological re- 
search, he has concerned himself with questions of content as 
well as with questions of process. In traditional experimental 
studies of process, content is usually sacrificed as a confounding 
variable. This accounts for the frequent use of nonsense syllables 
and geometric forms in psychological investigations of such cog- 
nitive processes as memory and concept attainment. Piaget has 
demonstrated, most dramatically perhaps in his studies of con- 
servation, that in the study of process one does not have to sac- 
rifice relevant content. Experimentally trained psychologists 
are, however, still not comfortable with content and often center 
upon the process aspect of the Piagetian investigations. While 
the process aspects are important, the content aspects are 
equally significant, and it is to be hoped that these aspects of 
Piaget’s investigations will be given more attention in future 
research studies. | | 

Some of the papers in the research section move in the direc- 
tion of clarifying some of the processes that Piaget revealed, 
while others take content into account as well. In presenting 
these studies we shall consider first the investigations concerning 
infancy and follow with studies of language, memory, percep- 


tion, and conservation. 


INFANCY 


Piaget’s work on infancy was sort of an intermezzo between 
his earlier investigations of the spontaneous thought of the child 
and his later investigations of operational intelligence. Although 
Piaget’s work on infancy has something in common with the 
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early baby biographies, such as those of Teideman (1787) and 
Shinn (1900), it differs in important respects. First, Piaget did 
not limit himself to simply observing behavior as it occurred; he 
also conducted successive little experiments. More important, 
and one senses this in all of Piaget’s work, he had very definite 
ideas of what he was looking for and the intuitive genius for 
arranging those situations that would best reveal the kinds of 
behavior he sought. Like Freud, Piaget found in the earliest 
sensorimotor coordinations of infants protypical analogues of 
adult thought and behavior. 

The observations Piaget made of his own three children have 
now been replicated and extended by many different workers. 
Some of these investigations have attempted to elaborate on 
some of the conditions and factors that affect sensorimotor devel- 
opment. Others have taken Piaget’s work as a starting point for 
making new observations of phenomena related to those that he 
had noted. To be sure, the onrush of research in infancy so 
prominent in contemporary psychology is only in part derived 
from Piaget’s seminal studies. Most investigators in this area, 
however, acknowledge their indebtedness to him in one way or 
another. 

Although it is presented only briefly here, Bruner’s work on 
infancy is intriguing in several respects. For one thing, he ties his 
observations of infant behavior to more general issues, such as 
the relation of human infancy to societal and cultural progress. 
Some of his observations and findings are, moreover, quite unex- 
pected and exciting in their own right. They should lead to even 
greater activity in this already busy area of research. 

White's studies of infant behavior are more directly related to 
Piaget's work than are Bruner’s, and he and his colleagues have 
been concerned with some of the experiential determinants of 
the coordinations noted by Piaget. Institutions for children pro- 
vide a natural laboratory for studying the effects of environmen- 
tal stimulation and of caretakers on the development of sen- 
sorimotor intelligence. In addition to reporting his research, 
White makes a plea for more naturalistic study, arguing that 
there are behavioral riches that are all too often lost in more 
rigorously controlled types of investigation. 
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This stress on the need for more varied methodology is carried 
further in the Charlesworth’s paper on the concept of surprise. 
This paper deals with both a theoretical and a methodological 
issue. On the theoretical issue, it attempts to relate the phenom- 
enon of surprise reaction to recent motivational concepts such as 
novelty and the orienting reflex and to demonstrate the role of 
surprise as a determinant of cognitive growth. On the methodo- 
logical issue, Charlesworth makes a very strong case, buttressed 
with his own research, for using surprise behavior as an index of 
particular cognitive structures. The use of surprise as a measure 
of cognitive structure proves to be a very useful addition to the 
developmental psychologist’s armamentarium. 


LANGUAGE 


Psychologists have ranged between two extreme positions in 
their views on the relation between language and thought. At 
one end of the continuum are those who would reduce thought 
to language or representational functioning. In this camp one 
might place such men as Ryle (1949), Whorf (1956), and per- 
haps Luria (1959). On the other side are those who would make 
language a product of thought. Psychoanalysis would seem to be 
in this camp to the extent that it regards language as being 
under the control of primary and secondary thought processes. A 
“new look” with respect to this issue has emerged with modern 
psycholinguistics, mightily stimulated by the work of Chomsky 
(1957). Language, from this new point of view, is a relatively 
independent system with its own generative rules. The growth of 
language as a system can be studied in itself; its relation to 
thought constitutes a separate problem. 

The Piagetian position with respect to the language-thought 
issue is reviewed by Sinclair. In many respects this position, 
explicit or implied, is quite in agreement with that of modern 
psycholinguistic theory. As Sinclair points out, however, there 
are also some important points of divergence. In addition, she 
also reviews some of her own ingenious research regarding the 
child’s spontaneous use of quantitative terms in relation to his 
success on various conservation problems. This research should 
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go far toward answering the “verbal misunderstanding” objec- 
tions to research findings on conservation. It provides also a use- 
ful research paradigm for exploring relations between languge 
and cognitive growth. 


MEMORY 


One of the salient criteria of a good theory is fruitfulness. On 
this criterion, Piaget’s theoretical constructions have acquitted 
themselves very well indeed. In recent years, the major thrust of 
the Genevan group has been toward using the basic findings on 
the development of operational thinking as a framework for ex- 
ploring many different psychological processes. A case in point is 
the work of mental imagery and operational thinking that has 
recently been published (Piaget & Inhelder, 1966). One of the 
most recent processes to be explored within this framework is 
that of memory, and a book is soon to issue on this topic. In her 
paper, Inhelder provides us with a preview of this forthcoming 
book. As in the case of imagery, the Piagetian theory has engen- 


dered a number of novel experiments with, as the reader will see, 
truly remarkable results. 


PERCEPTION 


Although Piaget is best known for his work on intelligence, he 
has had also a long standing interest in perception. Considering 
his epistemological interests, this is quite understandable. The 
empiricist position has always been that know 
perception, whereas for Pia 
It was necessary, 


ledge derives from 
get knowledge derives from activity. 
therefore, as a counterpoint to his research on 
the development of intelligence, to demonstrate that perception 
could not be regarded as the source of knowledge although it 
most assuredly plays an important role in knowledge acquisition. 
For Piaget, perception is a separate system that develops accord- 
ing to its own rules and has its own regulations and principles of 
organization. While these regulations resemble the operations of 
intelligence, they are only partially isomorphic with them. 


Piaget’s “minor” (as one of us put it, Flavell, 1963) in percep- 
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tion gave rise to a long series of studies on perceptual develop- 
ment published in the Genevan house organ, Archives de Psy- 
chologie. Not surprisingly, there finally emerged a book (Piaget, 
1961) that summarizes all this work and puts forth Piaget’s gen- 
eral theory of perceptual development and his position on the 
relations between perception and intellectual functioning. Rob- 
ert Pollack is one of the few investigators who have been follow- 
ing up some of Piaget's work in this area. In his careful and 
methodologically sophisticated research, Pollack not only has 
added considerably to our factual knowledge about perceptual 
development but also has offered some intriguing hypotheses to 
account for his research findings. 


CONSERVATION 


We have already noted that Piaget’s conservation problems 
have attracted more attention in this country than any of his 
The fascination of these problems is easy to 
are so simple to understand and 
use them, including parents in the 
lassroom. Too, they can usually be 
esponse. Rare indeed is a four- 
nservation on these tasks! 
nd unexpected to unini- 
bjections and questions. 
e in additional 


other research. 
understand. The procedures 
administer that anyone can 
home or teachers in the c 
counted on to evoke the expected r 
year-old so perverse as to manifest co 
Finally, the results are so surprising à 
tiated that adults immediately raise O 
These objections and questions often eventuat 


research investigations. | , ; 
The research reported by Beilin illustrates nicely two basic 


Strategies that American researchers have adopted regarding 
Piaget’s investigations in general and his conservation problems 
in particular, One of these strategies is to vary systematically 
some of the standard procedures and materials. In Beilin's case 
he has devised an electronic board that simulates the situation 
Piaget used to study area conservation. The value of such an 
analogue is demonstrated by the interesting results Beilin re- 
Ports. The second strategy employ ed by other research workers, 
and recently by the Genevans themselves, is to devise training 
Procedures that get nonconserving children to arrive at conserva- 
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tion. Beilin’s training procedures and his discussion of quasicon- 
servation make a very real contribution to the burgeoning litera- 
ture on conservation. E 

Conservation and other Piagetian tasks have been adminis- 
tered to children in virtually every corner of the globe. Such 
cross-cultural replication studies are rare in research on cogni- 
tive development and are of considerable importance for under- 
standing the role of tutelage and cultural milieu in the develop- 
ment of intelligence. Goodnow’s paper is a model of how to ex- 
ploit the potential of this sort of research. 


Practical applications 


It is probably fair to say that Piaget views himself as a biologi- 
cally oriented genetic epistemologist first, a psychologist second, 
and an educator not at all. The ontogenetic origins of number, 
time, space, and causality and other concepts have been his 
major concerns, not the most efficacious ways such concepts 
could or should be taught in the schools. To be sure, Piaget has 
occasionally addressed himself to educational issues (e.g. Piaget, 
1964), but always in the most general terms and without ever 
being very specific as to just what teachers and children should 
be doing in any concrete case. It is perhaps not really fair to de- 
mand of Piaget that he give us such direction. There is, after all, 
only so much that one man can do—even Piaget—and it is hardly 
for the rest of us to tell him how and where to direct his energies. 
Moreover, Piaget occasionally argues that our knowledge of men- 
tal development is still not sufficiently thorough to serve as a 
basis for a scientific pedagogy, and he may be right. 
Nonetheless, many educators and psychologists have been 
intrigued by the possible relevance of Piageťs work for curricu- 
lum revision and for teaching practice. The Sigel paper at- 
tempts to show the ways in which Piaget’s findings and theories 
can be used by the teacher and by those who are preparing 
curricula. Sigel also recounts some of his own research with 
teachers that indicates the cognitive blinders (in the form of 
fixed notions about how concepts are to be defined) that often 
stand between teacher and child. Sigel feels that these blinders 
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are not irremovable and offers suggestions as to how they can be 
overcome. 

This, in overview, is the perspective of the present volume. It 
presents a sampling, but only a sampling, of the many directions 
that students of Piaget are taking in carrying out the work he has 
begun. We think that it is a reasonably representative sampling, 
however, and that it exemplifies the impact of Piaget upon cur- 
rent research and thinking in developmental psychology. We 
hope it also demonstrates our indebtedness to Piaget and how 
we have, each in his own way, assimilated his teachings. It is for 
you, Patron, to judge how well we have succeeded. D.E. 


J. H. F. 
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THEORETICAL PERSPECTIVES 


The Impact and Limitations of the Giant 
of Developmental Psychology 


J. MCV. HUNT 


he history of developmental psychol- 
is ultimately written, the name of 
e all others. His name will stand 

revealing observations of 
g process of interaction be- 
s. Moreover, he has drawn 


It is my guess that when t 
Ogy in the twentieth century 
Jean Piaget will stand out abov 
out because he has reported highly 
early child development as an ongoin 
tween the infant and his circumstance 
important theoretical hypotheses from these observations— 

ypotheses that impinge not only upon other conceptualizations 
of behavioral development but also upon conceptualizations of 
Intelligence and of motivation. Piaget’s observations and theo- 
ties, however, provide definitive answers to few questions. 
Rather, they serve to open doors and to make issues for inves- 


tigation, 

I wish to indicate first the twists Piagets observations and 
Conceptions provide for several of the still dominant theoretical 
Conceptions that have been bequea 
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ing investigators of the past. Second, although I believe Piaget 
will influence the wave of the future, I wish also to point out 
some of the limitations in what he calls the invariants of process, 
namely, his constructs of accommodation and assimilation, and 
also in his conception of stages. Finally, I wish to express an 
appreciation of his contributions. 


The three periods of Piaget's life-work 


Piaget’s life-work falls into three periods. The first period in- 
cludes studies of the child’s language and thought (1923), 
judgement and reasoning (1924), conception of the world 
(1926), conception of physical causality (1927), and moral 
judgements (1932). In these early studies, Piaget's empirical 
data came almost completely from the language behavior of 
pairs of children observed in preschool situations at the Rous- 
seau Institute in Geneva. These early works, and, especially, his 
notions of the prevalence of egocentric thought in children under 
age seven, were severely criticized. Piaget has since admitted 
that, “My method of studying logic in the child was much too 
verbal at first, dealing particularly with the relation between 
thought and language” (1953, p. 32). 

The second period began with his observations of the origins 
of intelligence and reality constructions in his own three infant 
children. In these works, Piaget (1936, 1937) revised his method 
of observation to focus on the child’s actions in the course of re- 
peated encounters with objects, persons, and situations. In these 
observations of his own infant children Piaget, in effect, carried 
out Hilgard’s (1948, p. 353) suggestion that it would be highly 
desirable for someone to follow a child around to discover the 
circumstances under which he learns, what performances pro- 
vide for recall, for problem-solving, and the like. It should be 
noted, however, that Piaget began these observations more than 
twenty years before Hilgard made this suggestion, and published 
them a dozen years before his suggestion. These observational 
studies have been almost as pregnant with suggestions for theory 
as Hilgard hoped they might be. As I understand the sweep of 
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Piaget’s life-work, it was in these longitudinal observations 
(Piaget 1936, 1937) of his own children during the sensorimotor 
phase of their progressive development, and to some degree 
while they were forming symbolic processes and acquiring the 
beginnings of language (Piaget, 1945), that Piaget found the 
basis for, or perhaps the justification for, his view of develop- 
ment as an ongoing process of continuous sensorimotor interac- 
tion between the infant and his environmental circumstances. 
Such interaction is given explicit theoretical recognition by 
Piaget in his process invariants, namely, accommodation and 
assimilation. Moreover, this interaction is seen to result in an 
epigenetic series of changes in the structure of thé child’s behav- 
ior and in his constructions of reality. Much of Piagets most 
general theoretical work (Piaget, 1947) derives largely from this 
second period of his life’s work. 

The third period of Piaget's work begins with the studies that 
he and his collaborators made of the development of the con- 
crete operations from preconceptual thought. These concrete 
operations are interpreted to underlie conservation (of quantity, 
length, and number), the formation of classes, and serializing 
asymmetrical relations (Piaget, 1941, 1942a, 1942b; Piaget & 
Inhelder, 1940, 1947, 1948; Piaget, Inhelder, & Szeminska, 1948; 
Piaget & Szeminska, 1939, 1941). The studies in this group ex- 
tend the epigenesis in the structure of thought from the symbolic 
preconceptual stage, through the stages of intuitive processes 
and concrete operations, which appear at age seven or eight, to 
the stage of formal operations (Inhelder & Piaget, 1955) that 
appear with adolescence. The studies of this third group include 
also the constructions beyond the sensorimotor stage, of such 
categories of reality as movement (Piaget, 1946), chance 
(Piaget, 1950), probability (Piaget, 1955b; Piaget, Albertini, & 
Rossi, 1944), space (Piaget & Inhelder, 1948; Piaget, Inhelder, & 
Szeminska, 1948), and time (Piaget, 1955a). The studies in this 
third period include also those of Piaget and Lambercier (1943a, 
1943b, 1944, 1946, 1953) on changes in perception, and espe- 
cially in the perception of illusions with age, and Piaget’s (1952, 
1953) elaborations of the transformations of thought in terms of 
logical operations. In this third period, Piaget and his collabora- 
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tors fill out much of the empirical promise of the general theory 
of intelligence that Piaget (1947) formulated earlier. 


Some implications of Piaget’s observations 
and theoretical conceptions 


Piaget’s observations and his theorizing provide a basis for a 
critical reevaluation and assessment of various of the theoretical 
beliefs that many of us hold because we were taught them by 
Piaget’s predecessors or by some of his contemporaries. Impor- 
‘tant among these is the contrast between the views of behavioral 
development formulated by Gesell and by Piaget. 


PIAGET VERSUS GESELL 


As I read the writings of contemporary students of develop- 
mental psychology, I glean that the depth of the dissonance 
between the outlooks and conceptions of Piaget and Gesell has 
hardly yet been fully appreciated. It is true that their methods 
and results show certain similarities. Both have employed the 
cross-sectional method of confronting children of various ages 
with situations and materials and then observing how these chil- 
dren behave. Both describe behaviors typical of children at suc- 
cessive ages. Both recognize an epigenetic system of change in 
the structure of behavior as essentially predetermined. Piaget, 
however, views them as products of the sensorimotor interaction 
between the infant or child and his environmental circum- 
stances. Moreover, in his observations of his own three children, 
Piaget employed a longitudinal method. He observed them re- 
peatedly in similar situations and confronted them repeatedly 
with given objects and materials. 

To be sure, Gesell and his collaborators occasionally discussed 
organism-environment interaction. Thus, Gesell (1928) wrote, 
“The constitution and conditions of the organism are intimately 
interdependent. The organismic pattern of one moment, respon- 
sive to both internal and external environment, influences the 
pattern of succeeding moments. In a measure previous environ- 
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mental effects are perpetuated by incorporation with constitu- 
tion.” This statement, in itself, is an excellent expression of inter- 
actionism. Elsewhere, Gesell et al. (1940) noted, “. . . this 
serve(s) to show how supremely important it is for society to 
achieve through education and family life an optimal culture to 
insure a maximum of growth to infants and children. Culture 
provides the milieu . . . the conditions of growth. It provides a 
vast complex of symbols, cues, and foci of interest, which are 
assimilated into the very texture of the growing personality. Cul- 
ture operates most profoundly and projectively in the first five 
years of life.” In one of his still later publications, Gesell wrote, 
“Infancy is the period in which the individual realizes his racial 
inheritance . . . but infancy itself is a product of evolution. It 
was evolved not only to perpetuate a groundwork of racial in- 
heritance, but also to add thereto a contingent margin of specific 
modifiability” (1954, p. 335): a 
In terms of oe impact of Gesells contributions, how- 
ever, these statements are little more than lip service. His work 
was basically normative in nature. He described the a of 
behavior typical, or statistically modal, for each age. In en First 
Five Years of Life, Gesell described mental growth as, pro- 
gressive morphogenesis of patterns of behavior .. . £ 1940, P, 
7). Moreover, in a majority of his statements about the an 
basis for mental growth, he said, in one form or another, the fol- 
lowing, “The basic configurations, correlations, and successions 
of behavior patterns are determined by the Se Process a 
growth called maturation” (Gesell, 1945; italics sat Mae E 
the introduction to his film, Life Begins, De eee Ge 
: he » here he defined intrinsic 
IMportance of “intrinsic growth. Elsew ; es 
growth as, “the unfolding of behavior with anatomice 


| e u p i ip. All re 
his theor izi tic lated several rinci les. a 
2 ing, G sell artı ý 


essenti riptive in character, : Be opin 
entially descriptive in . In introducing his princi- 


emphasis on genetic predeterminism 


3 e f tissues, Of organs, and of 
ples, Gesell wrote, “The growth 0 hey ere keri 


ior i i identical law 
ehavior is obedient to identic ee Tat te 


gy” (1954, p. 337). Gesells (1954) i à 
(1 Feu direction, ( 2) reciprocal interweaving, (3) 


8 THEORETICAL PERSPECTIVES 


functional asymmetry, (4) individuating maturation, (5) self- 
regulatory fluctuation. In the first three and the fifth Gesell 
explicitly put the causal basis for behavioral development on 
anatomical maturation. The developmental processes go on in 
time, to be sure, but Gesell’s conception of them gave no indica- 
tion that he considered them to be plastic, or subject to appre- 
ciable modification by the circumstances encountered. Only the 
fourth of these principles, that of “individuating maturation,” 
makes an explicit place for environmental influence. In opening 
his discussion of this principle, he made these statements, “This 
principle may help us to recognize the mechanism by means of 
which the behavioral organism achieves its species characteris- 
tics and yet at the same time, makes specific adaptations within 
its environmental field. From the moment of fertilization, intrin- 
sic and extrinsic factors cooperate in a unitary manner, but the 
original impulse of growth and the matrix of morphogenesis 1s 
endogenous rather than exogenous. The so-called environment, 
whether internal or external, does not generate the progressions 
of development. Environmental factors support, inflect, and spec- 
ify; but they do not engender the basic forms and sequences of 
ontogenesis” (Gesell, 1954, p. 354). In the subsequent sections of 
this theoretical paper on growth and development, Gesell dis- 
cusses “self-regulatory fluctuation,” “the individuality of growth 
careers,” and “the stability of mental growth careers.” In each of 
these sections, as their headings imply, Gesell contended, and 
supported his contention with evidence of a sort, that the indi- 
vidual’s behavioral development is essentially predetermined. 
Moreover, in his consideration of predeterminism, Gesell made 
no distinction between the rate of development and the order in 
which the patterns of behavior appear. 

In his theory of the causal basis for the epigenetic changes in 
behavior and thought, Piaget (1936, 1937, 1943, 1947) continu- 
ally emphasizes accommodation, assimilation, and the lack of 
equilibrium between aspects of the infant’s behavioral repertoire 
and the circumstances encountered. These are his terms for the 
adaptive changes that organisms make in their encounters with 
environmental circumstances. Accommodation may be defined as 
that modification in a sensorimotor organization (or schema—to 
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use Piaget’s term), or in a conceptual operation or construction, 
that comes about in the course of encounters with new circum- 
stances where the existing organization does not quite fit. Assimi- 
lation is the term given to the internalization of the accommoda- 
tive change. One knows that assimilation has occurred when the 
infant or child employs the newly modified sensorimotor or con- 
ceptual organization in a novel situation. One might say that one 
recognizes assimilation when an accommodative change in be- 
havior or thought (as reflected in language) generalizes to a new 
situation. 

The concept of equilibrium is more difficult to explain. Equi- 
librium is Piaget’s (1947, pp. 6-8) term for the stability of a 
behavioral organization. In the case of sensorimotor organiza- 
tions, including all perceptions and motor habits, the equilibrium 
is limited to certain circumstances. Each such sensorimotor orga- 
nization involves cognitive and affective regulation (which I 
would term its motivational aspect). On the inside of the orga- 
nism, this regulation is based on interest, effort, and such. On the 
outside, it is based on the value of the objects concerned in 
this search and in the solutions sought. When the infant or child 
encounters circumstances beyond the limits of his sensorimotor 
systems the equilibrium is upset. This lack of equilibrium of 
sensorimotor and preconceptual systems leads continually to 
accommodative modifications in them until certain of them 
achieve either the limits set by the genotype or achieve struc- 
tures that can generalize indefinitely to the circumstances en- 
countered. If the circumstance is not too far beyond the limits of 
his sensorimotor systems, these systems become modified in the 
attempt to accommodate the new circumstances. 

In the locomotor domain, the infant gyrates on his stomach and 
squirms toward objects desired; then he creeps or scoots toward 
them; then he gets up onto his feet and cruises and toddles, until 
he can finally walk and run. The child’s strides may increase in 
length with his skeletal growth, and he may obtain minor in- 
creases in force, duration, and rate of strides with special train- 
ing, if he aspires to be an athlete. Otherwise, these locomotor 
skills remain essentially stable as they are employed as means in 
an endless variety of goal-directed activities. They achieve their 
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genotypic limits. Only as men supplement their locomotor abili- 
ties mechanically with bicycles, automobiles, airplanes, and 
rockets can men alter these abilities appreciably. 

In the intellectual domain, ready-made systems of information- 
processing become extended with use. Each becomes coordinated 
through accommodations with other such systems, until sensori- 
motor action systems become internalized as imaginal symbolic 
systems that are combined with vocal imitation in language. 
These preconceptual named-images are transformed through ac- 
commodative modifications, demanded perhaps largely by efforts 
at communication, into what Piaget calls intuitive regulations. 
These regulations are then further transformed into the concrete 
intellectual operations that permit classifying, serializing of 
asymmetrical comparisons, and counting. These concrete intel- 
lectual operations acquire an equilibrium because classifying, 
serializing, and counting can be generalized to new circumstances 
indefinitely. Yet, since they constitute thought processes directed 
entirely by encounters with circumstances, they are inadequate 
to provide a basis for an examination of those operations. The 
lack of equilibrium induced by examining these operations in 
linguistic propositions leads to the formation of those formal 
operations of thought that Piaget (1947) and his collaborators 
(Inhelder & Piaget, 1955) find appearing during adolescence. At 
this stage, thought directs perception in investigation, and the 
imaginal standards of what life and society might be supply the 
standards that motivate the adolescent toward reforming the 
world that exists. Piaget (1947, p. 27) contends that “logic is the 
mirror of thought.” The classificatory logic of Aristotle reflected 
the thought of the Aristotelian era. The formal logic of Boole 
(1854) represents the thought that man, in his scientific efforts, 
has developed largely since the Renaissance. Piaget has con- 
tended further that man may yet invent new modes of thought in 
the process of coping with the new instruments of his own 
invention. 
| In sum, then, Gesell and Piaget propose radically different 
interpretations of behavioral development. Yet, their interpreta- 
tions do not represent the opposite poles on a polarity of em- 
phasis on heredity and environment. While Gesell has presented 


GIANT OF DEVELOPMENTAL PSYCHOLOGY 11 


a picture of behavioral development as something based essen- 
tially on anatomical maturation that is predetermined by hered- 
ity, Piaget has presented a picture of behavioral development as 
a process of changes in the structure of behavior and of thought 
that come with the infant’s or child’s interacting with his circum- 
stances. Piaget's position is neither hereditarian nor environ- 
mentalistic; it is both. It is interactionist. 


PIAGET VERSUS S-R BEHAVIOR THEORY 


Piaget’s view of development is not the polar opposite of 
Gesell’s. The opposite of Gesell’s predeterminism is extreme 
environmentalism. Environmentalism has its conceptual roots in 
John Locke’s (1690) famous Essay Concerning Human Under- 
standing. In the first book of this essay, Locke took his epistemo- 
logical stand against innate ideas and against the notion that 
anything need be true simply because it has the weight of tradi- 
tional authority. The first sentence in the second paragraph of 
Book II may be paraphrased as follows: “Let us then suppose 
the mind to be, as we say, white paper void of all characters 
without any ideas; how comes it to be furnished?” The answer 
given by Locke to this question came in the words: “From 
EXPERIENCE.” 

Taken from the domain of mind in general and applied to 
individual organisms, and especially infant human beings, this 
assumption of the organism as a tabula rasa implies that the 
Organism is something statically passive and that the course of 
knowledge resides in receptor input from environmental circum- 
stances. While no serious theory of behavioral development has 
ever accepted fully these assumptions about the nature of living 
Organisms, and especially of human beings, several of the central 
Conceptions of stimulus-response (S-R) behavior theory have 
approached such extreme environmentalism. 

S-R behavior theory appears to derive its origin from revolts 
against three relatively unrelated views that were dominant in 
the latter half of the nineteenth century. Two of these views were 
part and parcel of post-Darwinian thought. First, Darwin was 
especially interested in the continuity of evolution between the 
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infrahuman species of animals and man. He was interested in 
showing this continuity of evolution both in anatomy (Darwin, 
1859) and in behavior. Darwin’s (1872) behavioral efforts are to 
be found in his studies of the expression of emotions in man and 
animals. The theory of psychological faculties prevailed in the 
nineteenth century. Emotion was one faculty, intelligence an- 
other. Darwin was interested equally in seeing a continuity of 
evolution demonstrated for the faculty of intelligence as for that 
of emotion. Romanes (1883a, 1883b) attempted to do for intelli- 
gence what Darwin had already done for the expressions of the 
emotional faculty. Moreover, Darwin’s younger cousin, Francis 
Galton (1869, 1883, 1886), extended the notion of predetermin- 
ism in individuals into that of fixed faculties and abilities. 
These he proposed to measure with his anthropometric tests, and 
he hoped to develop human excellence in these tested traits 
through eugenics. : 

Second, both the biologists and psychologists of the póst- 
Darwinian period tended to conceive not only of the sources of 
action but also of the patternings of action in terms of instincts 
predetermined by the heredity of the species or of the individ- 
ual, Probably the most recent statement of instinct theory 
applied to human behavior is to be found in William McDou- 
gall’s (1908) Social Psychology. 

Third, the human psychology of the late nineteenth century 
was largely concerned with consciousness and it took as its 
method introspection. This is true of the psychology of America 
(witness James, Hall, & Ladd), of England (witness the mental 
chemistry of John Stuart Mill, the physiological psychology of 
Bain, and the evolutionary associationism of Herbert Spencer), 
of France (witness the psychopathologies of Charcot and Janet), 
and of Germany (witness the work of Fechner and Wundt). 

S-R behavior theory arose as a rejection of all three of these 
positions. Its conceptual roots may be found in the mechanistic 
philosophy of the eighteenth century, in the theory of tropistic 
behavior by Jacques Loeb (1890, 1912), in the critical extirpa- 
tion of the intelligence faculty, imputed by Romanes (1883; a, 
b), from the causation of animal behavior by C. Lloyd Morgan 
(1894), and in the experimental studies of problem-solving in 
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animals carried out by E.L. Thorndike (1898, 1911) in the 
basement of William James’s home. S-R theory got a tremendous 
boost in popularity, moreover, in the polemics over the instinct 
theory. From the day of Thorndike onward, most of the S-R 
theorists were students of animal learning. Their studies of 
animal learning provided evidence against the intinct theory. In 
the polemics, Dunlap (1919) uttered the battle-cry, and John B. 
Watson (1924) and many others took up the cudgels shortly 
after World War I. Finally, behaviorism came into being as a 
reaction against the psychology of consciousness. Boring (1929) 
dates the beginning of the behavioristic movement from Wat- 
son’s (1913) first polemic entitled Psychology as the Behaviorist 
Views It. Shortly thereafter he published Behavior, an Introduc- 
tion to Comparative Psychology (Watson, 1914). The behav- 
ioristic movement adopted the objective methods of classical 
conditioning (Pavlov, 1927) and of trial-and-error learning 
(Thorndike, 1898, 1911). 


In coming to an approximation of the Lockian tabula rasa, 


however, the revolt against the instinct theory is most important. 
vidence coming from the laboratories of 
animal psychology and the arguments made in the polemics over 
instinct theory, the S-R behavior theories of such leading Ameri- 
cans as Thorndike (1911, 1935), Watson (1914, 1924), Weiss 
(1925), Hull (1943, 1952), and Skinner (1938, 1953) developed 
what became the dominant view in American psychology. While 
substantial differences existed among the theories of these men 
(Hilgard, 1956), they embraced in common not only something 
approaching the tabula rasa of original nature but also several 
other conceptions for which Piaget’s observations and theorizing 


yield a relevant dissonance. 


In consequence of the e 


s an abundant repertoire of minute reflexes. 
of the tabula rasa in S-R behavior theory 
derives from the assumption that the original nature of mamma- 
lian organisms including man consists in an abundant repertoire 
of minute reflexes. Instinct theory had held that even highly 
complex patterns of behavior could have their organizations pre- 
determined from the innate constitution of the species or the 
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individual, and this made the problem of the criteria of innate 
behavior important (Marquis, 1930). When the instinct theory 
was largely rejected (and it was never completely rejected by 
such behaviorists as Hunter (1920) and Thorndike (1935) ), the 
alternative conception of original nature came to consist of a 
large number of minute, elementary, reflexes for which the knee- 
jerk was an approximate model. It was this conception that 
Dewey (1896) inveighed against in his famous paper on the 
reflex. Inasmuch as it was also conceived that any given reflex 
could be evoked through conditioning by any stimulus or com- 
bination of stimuli, and also that these minute reflexive actions 
could be combined without appreciable restraint into any sort of 
Organization, this view constituted a near equivalent to the 
tabula rasa of John Locke. In this context John B. Watson 
(1928) claimed that, with the control of the circumstances to be 
encountered by any healthy infant from birth to seven years, he 
could make of that infant anything desired. This has been the 
nature of environmentalism at its most extreme. It is a view that 
also emphasizes action in the process of learning and that mini- 
mizes the role of perception and of central processes. It is a view 
that has largely failed to take into account the developmental 
aspect of behavior, for those embracing S-R behavior theory 
have, in their investigations, employed as subjects chiefly nearly 
adult rats, often characterized as naive because they have not 
participated in a preceding experiment, nearly adult dogs nearly 
adult monkeys, and at the human level, chiefly college sopho- 
mores who were available because they were students in the first 
course in psychology. 

Piaget’s (1936, 1937) observations are highly dissonant with 
such a form of extreme environmentalism. In place of a reper- 
toire of numerous minuscule reflexes, Piaget finds in the human 
neonate a very limited number of quite highly organized behay- 
ioral systems. These include: ( a) sucking, (b) looking, (c) 
listening, (d) vocalizing, (e) grasping, and (f) the various 
motor activities of the trunk and limbs. Piaget emphasizes that 
each of these is a ready-made sensorimotor organization at the 
human infant’s birth. Unlike the investigators of the embryology 
of behavior (Carmichael, 1954; Kuo, 1921, 1922, 1932a, 1932b, 
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1932c, 1932d, 1932e), Piaget has not concerned himself with 
how these ready-made organizations came into being before 
birth. It is interesting, however, that in his Design for a Brain, 
Ashby (1952) suggests precisely such component ready-made 
organizations. In his argument, Ashby suggests that if one were 
to design a complex electronic automaton to do what all mam- 
mals do, one would almost necessarily have to begin with a 
limited number of subsystems that the encounters with circum- 
stances would then reorganize. Such a conception is, at once, a 
long way from the notion of instincts and a long way from the 
S-R behavior theorists’ notion of an innate repertoire consisting of 
a set of numerous simple reflexes. It is perhaps more important 
for the empirical validity of the notion, however, to note that the 
sensorimotor schemata that Piaget reports from his observations 
of his own three infants show a rather substantial degree of cor- 
respondence with the systems that neuro-anatomists have uncov- 
ered in their anatomical explorations of the brain as related to 
function (Papez, 1929). The neurologists find not only the visual 
system for looking and the auditory system for listening but also 
an olfactory system, a complex system for contact reception, and 
a vestibular system. While neurologists have never spoken of a 
grasping system or a vocalizing system, the motor portion of the 
brain has considerable differentiation, and there is a definite 
speech area. This problem of defining units in behavior is both 
old and difficult, but the correspondence here between Piaget's 
sensorimotor organizations and those systems traditional in neu- 
rology is sufficient to be impressive. 

The existence of a few component organizations rather than a 
repertoire of numerous minuscule reflexes implies a theoretical 
conception of the nature of behavioral organization at birth 
intermediate between the predeterministic view on the one hand 
and the extreme environmentalism on the other. Piaget’s (1936) 
observations tend to confirm such an intermediate view, These 
Observations attest to an ample place for the effect of encounters 
with circumstances, but the infant organism is seen to be far 
from a blank page on which experience can write without con- 
straint, Orderliness in the course of development derives not only 
from genetic preprogramming, but also from the nature of the 
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manner in which these ready-made sensorimotor systems are 
capable of being coordinated and differentiated in the course of 
the infant’s interaction with his environmental circumstances. 


The ontogenesis of “operants” Piaget’s observations and his 
theorizing provide evidence and conceptions dissonant with the 
conception prevalent among S-R behavior theorists that orga- 
nisms, including human beings, tend to be passive and inactive 
until driven into action by impelling stimulation. Among S-R 
behaviorists, Skinner (1938, 1953) is an exception to the rule 
that they are drive theorists, especially in the case of what he 
calls “operant” activities. These are activities for which the insti- 
gating events in the environment cannot be specified, and they 
are to be contrasted with “respondents” for which the instigating 
event can be specified. 

In his aversion to theory, Skinner (1950) accepts the existence 
of “operants” and “respondents” as given. He is unconcerned 
with enlarging the nomological net to include either their onto- 
genetic origins or their physiological bases. Moreover, he avoids 
so completely conceptions based on the experimental subject’s 
report that he eliminates consideration of such conceptions as 
expectations and intentions. The result is an almost endless list of 
empirical relationships with almost no principles (Ferster & 
Skinner, 1957). 

Piaget’s (1936) observations provide eviden 
origins of actions that Skinner probabl 
and also of an epigenetic shift from “respondent” status to 
“operant” status. Immediately following birth, during the first 
sensorimotor stage, Piaget finds the human neonate with various 
ready-made systems—already named above—that a 
responsive in character. At first, for instance, the sucking move- 
ments can be elicited only by contact of the lips with some exter- 
nal object, even under what Skinner calls the “setting condition” 


of hunger from going several hours without food. In his observa- 
tions of his son Laurent, Piaget noted that, 


After the first feedings, one observes . . . sucking-like movements in 
which it is difficult not to see a sort of auto-excitation . . . [and] one 
is compelled to state that, in such a case, there is a tendency toward 


ce of ontogenetic 
y would call “operants,” 


re essentially 
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repetition, or, in objective terms, cumulative repetition . . . this need 
for repetition is only one aspect of a more general process which we 
can qualify as assimilation. The tendency of the reflex being to repro- 
duce itself, it incorporates into itself every object capable of fulfilling 
the function of excitant . . . [this] assimilation belonging to the 
adaptive process appears in three forms: cumulative repetition, gener- 
alization of the activity with incorporation of new objects to it, and 
finally, motor recognition.® But, in the last analysis, these three forms 
are but one: the reflex must be conceived as an organized totality 
whose nature is to preserve itself in functioning and consequently to 
function sooner or later for its own sake (repetition) while incorporat- 
ing into itself objects propitious to its functioning (generalizing assim- 
ilation) and discerning situations necessary to certain modes of its 
activity (motor recognition) . . . the progressive adaptation of reflex- 
ive schemata [such as sucking], therefore, presupposes their organiza- 


tion (1936, pp. 343-8). 


Thus, even in the case of such a reflexive motor schema as 
sucking, successive encounters with the nipple and the breast 
and with other objects that touch the lips are observed to lead 
from what, in Skinner’s (1953) language, would be the status of 
a “respondent” to the status of an “operant.” 

This progressive adaptation continues through the second 
sensorimotor stage during which reflexive looking, to use the 
language of Piaget, incorporates things heard so that the things 
heard become something to look at as the infant acquires what is 
commonly termed “auditory localization.” This process exempli- 
fies coordination between looking and listening. In this process 
of the second stage of sensorimotor development, it should be 
noted that Piaget’s observations imply a redefinition of “stimu- 
lus.” Instead of mere energy delivered at receptors, the effective 
instigators of reflexive looking and reflexive listening appear to 
be changes in the ongoing characteristics of the light or of the 
Sound impinging on the neonate’s eyes or ears. The reflexive 


° Piaget illustrates each of these with concrete observations of the behavior of his 
children, Elsewhere, I have selected observations to illustrate the points Piaget 
makes. Here, there is no space to present them, and the reader is invited to ex- 
amine Piaget's (1936, Chapter 1) own observations or my selection (Hunt, 1961, 
P. 117 ff), 
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looking and the reflexive listening appear to be special cases of 
what the Russian investigators, since Pavlov, have called the 
“orienting reflex” (Berlyne, 1960; Razran, 1961). This being the 
case, assimilating things heard into the looking schema appears 
to be a special case of stimulus to stimulus conditioning for 
which the motivation consists in changes in the ongoing charac- 
teristics of the input. 

Piaget observed that as his children exercised a schema such 
as looking, and as the exercise brought them in perceptual con- 
tact with objects seen or heard in the external environment, they 
exhibited “new behavior relating to the objects which have dis- 
appeared” (1936, p. 155). Piaget’s observations seem to indicate 
that these new efforts brought on by the escape of objects from 
perceptual contact occur only after the child has had repeated 
perceptual contact with those objects. The infant’s efforts appear 
to be directed toward retaining or regaining the perceptual con- 
tact with these recognitively familiar objects, persons, and 
places. Even in a very young infant, recognitive familiarity 
appears to be the chief basis for what Piaget has termed “specta- 
cles of interest.” Everyone who has jounced an infant on his knee 
is familiar with this phenomenon, even though the example cited 
typically occurs some months after infants manifest their first 
efforts to retain or regain perceptual contact with objects becom- 
ing recognitively familiar. When the adult jouncer stops his 
jouncing, the infant typically begins a jouncing of his own. It is 
extremely difficult to escape the interpretation that the infant, 
when he starts a jouncing of his own, intends to renew his own 
perceptual contact with the jouncing event. It is hard to escape 
the interpretation that the infant anticipates the goal of his 
action, for when the adult jouncer resumes his jouncing, the 
infant quickly stops his own efforts, manifests a benign expres- 
sion, and appears to enjoy what he anticipated all along. In his 
long third chapter on the “secondary circular reactions” that 
constitute sensorimotor stage three, Piaget (1936) cites many 
examples of such behavior. At this point, the human infant 
clearly ceases to be a reactive responder and becomes an initia- 
tor of a great many different kinds of activities in which certain 
of his sensorimotor schemata are goals clearly anticipated, while 
others serve as means to the anticipated goals or ends. 
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One may, following Skinner (1938, 1953), call these self- 
instigated activities “operants,” if one wishes, but such mere 
naming of a category of nonrespondents fails to consider their 
developmental origin. Such naming fails to consider that these 
activities emerge as a product of the infant’s early encounters 
with his circumstances in the course of his development. Skin- 
ner’s (1950) aversion to theorizing and to consideration of the 
developmental process leaves him with a pair of categories of 
activities, “respondents” and “operants,” that are of little interest 
because they are tied neither to hypotheses of their origin nor to 
hypotheses of the physiological processes which mediate them. 
From the fact that, as Hebb (1949) has pointed out, central 
processes run off more rapidly than do events, one gains a 
hypothetical physiological basis for self-instigation growing out 
of encounters with circumstances. Combining Piaget’s observa- 
tions of the ontogenetic origins of self-instigated activities with 
such a hypothesis of their physiological basis yields, in turn, a 
foundation for “expectations” and “intentions” that is quite con- 
sonant with a mechanistic view of living beings. 


The S-R conception of learning Piaget's observations and 
theorizing are highly relevant to the S-R conception of learning. 
They imply a variety of kinds of learning to which attention is 
seldom given, and a variety differing greatly from that to which 
Gagné (1965, Ch. 2) comes from reviewing the investigative 
work on learning and problem solving. In fact, Piaget’s concep- 
tions of accommodation and assimilation and his concept of the 
lack of equilibrium constitute a domain essentially equivalent to 
the concept of learning broadly defined. I shall return to this 
topic in my critique of these constructs below. | 

Piaget’s observations and theorizing call into question also the 
traditional conception of what in an organism’s encounters with 
circumstances induces modifications in behavior. In our tradi- 
tional formulations, modification of behavior has been attrib- 
uted to events that follow behavioral acts. Thus, in the theoriz- 
ing of Thorndike (1911, 1935a) it is a matter of whether the 
action or behavior leads to annoyance or to satisfaction. Hull’s 
(1943) position was somewhat similar. Actions that failed to 
reduce the drive that evoked them were gradually extinguished, 
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others took their place at the top of the hierarchy. Only those 
actions that led to a reduction in drive survived. If I understand 
Skinners (1958) formulation, it also depends upon reinforce- 
ment, where reinforcement is any event following the action of 
the organism that results in an increase in the readiness of the 
action or in a modification of the action to occur. As Skinner put 
it, “We observe the frequency of a selected response (operant 
level) then make an event contingent upon it and observe any 
change in frequency. If there is a change, we classify the event 
as reinforcing to the organism under the existing circumstances 
(1953, p. 73). Such modification appears to be chiefly one of 
motivation. Yet in the case of shaping behavior, about which we 
now hear so much in the work of Skinner and his collaborators, 
the modification is a genuine alteration in the structure of the 
activity. This shaping is cognitive in nature in the sense that it 
must involve a change in the organization in the central pro- 
cesses that mediate the change in behavior. Although Piaget 
professes concern only with matters cognitive and epistemologi- 
cal, we have here in the S-R theory of reinforcement something 
closely related to Piaget’s notion of “lack of equilibrium” and its 
role in behavioral and conceptual development. 

According to Skinner (1958) and to behavior theorists gen- 
erally, the modifications in behavior that constitute the shaping 
occur because of the rewarding events that follow their occur- 
rence. Piaget's observations, on the other hand, suggest strongly 
that the modifications in behavior come at the point in time that 
the learner encounters circumstances that will not permit him to 
proceed as he anticipated. These are circumstances that upset 
the child’s equilibrium and force him into accommodative modi- 
fications. Relevant observations include those concerned with 
modifications of sophisticated sucking, of sophisticated grasp- 
ing, and of manual groping to solve various problems (Piaget, 
1963, Ch. 1, 3, & 5), modifications in the intuitive regulations 
leading to the concrete conceptual operations (Piaget, 1943; 
Piaget & Inhelder, 1940; Piaget & Szeminska, 1939), and the 
modifications in thought that derive from encounters with prob- 
lems for which concrete operations are inadequate and result in 
the development of formal conceptual operations (Inhelder & 
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Piaget, 1955). Piaget views the child in all of these various situa- 
tions as highly active. He holds that the child has an end in 
view, and it seems that the child does have an end in view be- 
cause he ceases striving once he achieves that end. Moreover, 
one would expect ends-in-view from the fact that in familiar 
situations central processes run off faster than events. Thus, from 
a physiological standpoint, the child can be expected to antici- 
pate what is coming and to have intentional ends in view. The 
modifications in the structure of behavior or thought, then, can 
be viewed as an active, creative, coping operation. The modifica- 
tion becomes part of the child’s standard repertoire only when it 
has achieved the child’s anticipated goals repeatedly in a number 
of situations for which it was adequate. In the language of 
Piaget, then, reinforcement would consist in achieving the child’s 
anticipated goals, would permit at least some degree of equilib- 
rium, and would aid the assimilation of the creative modification 
in the behavioral structure that came about with the encounter 
with circumstances novel but not beyond the child’s accom- 
modative limits. It is interesting to note that Piaget’s view is 
highly consonant with the view of social psychologists that 
changes in attitude and belief come directly from encounters 
with new and dissonant information (Festinger, 1957; Hovland, 
Mandell, et al. 1957). It is also interesting, in passing, to note 
that the studies of change in attitude and belief from encounters 
with dissonant information generally have not been considered 
to belong within the traditional domain of learning. 


PIAGET VERSUS GESTALT PSYCHOLOGY 


Piaget (1947, p. 60) clearly accepts the essential, organized 
“wholeness” of sensorimotor, perceptual, and conceptual struc- 
tures or schemata. His acceptance of their Gestaltish nature is a 
major reason for his preference for the notion of accommodative 
groping in new circumstances over the notion of trial-and-error. 
According to the theory of trial-and-error, the subject is seen to 
emit by chance a series of discrete responses. Each one is a trial. 
Each one is also an error until by chance one occurs that 
achieves success. The one that repeatedly succeeds survives 


B.c E | [A P 
Data ©. ; i a CEN ELS or Le 


€ 
p 
o 
wn 2 
ga 
> gd 
ers wet 


ba tee. 7, 
None 


22 THEORETICAL PERSPECTIVES 


because it is somehow reinforced. Piaget admits the descriptive 
accuracy of such an account for instances in which “the problem 
transcends the subject’s intellectual level or knowledge” (1936, 
pp. 397-398). Under such circumstances, however, success 
brings little intellectual growth. When the subject grasps a prob- 
lem, or sees it as akin to others he has already solved, the role of 
chance is greatly reduced. Instead, the subject brings to bear his 
ready-made perceptual organization of the situation and his pre- 
pared coping strategy. When the fit between this organization 
and the actual situation is such as to be relevant but inadequate, 
the subject typically modifies in creative fashion his organized 
perception and coping strategy to get a solution that consists of 
an elaboration of the previous organization and brings with it 
new understanding. 

According to the central idea of Gestalt theory, the sensori- 
motor, perceptual, or conceptual organizations never consist of 
an association of elements that exist in isolation before they 
come together. They exist rather in configurations or complex 
structures that are organized wholes from the outset. They obey 
such Gestalt laws as simplicity, regularity, proximity, symmetry, 
and Prägnanz. According to Gestalt theory, these laws of organi- 
zation are simply the principles of the equilibrium that governs 
the neuro-excitation released by perceptual contact with external 
objects combined in a field that embraces the organism and its 
immediate environment simultaneously. Köhler (1929) viewed 
this field as comparable to an electromagnetic field of forces and 
considered it to be governed by analogous principles, such for 
instance, as that of least action. 

The notion that the psychological field is comparable to an 
electromagnetic field implied that the laws of organization must 
be universal and therefore common to all stages of both evolu- 
tionary and ontogenetic development. Gestalt psychologists 
(Köhler, 1929; Wertheimer, 1920), even those concerned explic- 
itly with developmental psychology (see Koffka, 1924; Werner, 
1948), have devoted themselves to accumulating an impressive 
series of illustrations of perceptual and conceptual structures 
that are the same in various mammals along the evolutionary 
scale, and the same in young children as in adults. Moreover, 
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Gestalt psychologists (Duncker, 1935; Wertheimer, 1920) have 
attempted to explain intelligent activity as a sudden restructur- 
ing of perception that comes with an “aha” moment of insight. 
Gestalt students of intelligence also have attributed a minimal 
importance to past experience. From their point of view, both 
the basic perceptual organizations and these restructurings are 
essentially preformed in the sense that they arise inherently out 
of the nature of neural processes evoked by organism’s percep- 
tual encounter with its circumstances. In this sense, Gestalt 
psychologists belong to the tradition of the nativists, and their 
theory remains as a psychological vestige of preformationism. 

Piaget (1947, p. 60 ff) has taken explicit issue with the hy- 
pothesis of universal “physical Gestalten.” He points out that the 
dilemma of either organized wholes or the atomism of isolated 
sensations or reflexes is quite unnecessary. Instead of these two 
terms, he finds three. In his own words as translated, Piaget 


states: 


A perception may be a synthesis of elements, or else it may constitute 
a single whole, or it may be a system of relations (each relation being 
itself a whole, but the complete whole becoming unanalyzable and 
not relying at all on atomism). This being the case, there is no reason 
why complex structures should not be regarded as the product of a 
Progressive construction which arises, not from “syntheses” [of atomis- 


tic elements], but from adaptive differentiations and combined assimi- 
vyhy this construction should not be 


lations, nor is there any reason W À us 
related to an intelligence capable of genuine activity as opposed to an 


interplay of pre-established structures (1947, pp. 63-64). 


ternative view, Piaget reviews work 
lopment of size constancy during the 
howing that the “systematic error of 
parisons of heights at a distance is 
f five to seven years of age but is 


overestimated by adults, and that the incidence of size constancy 


increases in children up to nearly ten years of age. 

These findings suggest that the phenomena of size constancy, 
like that of object permanence described below (p. 35), depend 
upon the solidity of representative central processes that derive 
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their existence from repeated sensorimotor encounters with dis- 
tances, sizes, and objects. 

In his observations of the early psychological development of 
his own three children, Piaget (1936) noted sensorimotor adap- 
tations not unlike those observed by Kühler (1924) on the use of 
implements by chimpanzees. Köhler noted that a chimpanzee 
failed to use a stick in his efforts to obtain a banana beyond 
reach except when that stick was available to be perceived at the 
same time that the animal was looking at the out-of-reach ba- 
nana. Paralleling this observation of Kohler’s, Piaget noted re- 
peatedly that, at ages ranging from three to five months, his 
children would grasp seen objects only when the hand and the 
object were simultaneously in view (1936, Ch. 2). From such 
observations, Piaget argues that eye-hand coordination comes 
about only as the schemata of hand motion and grasping become 
incorporated in looking to constitute a new Gestalt organization. 
He argues further that, 


Wherever we may speak of conditioned reflexes being stabilized as the 
result of experience, we always perceive that a schema of the whole 
organizes the parts of the associations. If the nursling seeks the breast 
when he is in a position to nurse, follows moving: objects with his 
eyes, tends to look at the people whose voice he hears, grasps objects 
he perceives, etc., it is because the schemata of sucking, vision, and 
prehension have assimilated increasingly numerous realities, through 
this very fact of endowing them with meaning. Accommodation and 
assimilation combined, peculiar to each schema, insure its usefulness 
and coordinate it to the others, and it is the global act of complemen- 
tary assimilation and accommodation which explains why the relation- 
ships of the parts which presuppose the schema are confirmed by 
experience (Piaget, 1963, p. 128). 


In similar fashion, Piaget explains the successive coordinations 
which, when combined with differentiation, provide the basis for 
the hierarchical nature of intelligence and intellectual functions. 
Following the six stages of the sensorimotor development, the 
sensorimotor systems of the infant become internalized as imita- 
tive imagery combines with the imitated vocal signs of early 
language. These are gradually modified in the accommodations 
demanded by communication into intuitive regulations that, in 
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turn, are coalesced or grouped into the concrete operations of 
intelligence of which Piaget and his collaborators find evidence 
in the children of Geneva at about seven to eight years of age 
(Inhelder & Piaget, 1955). At this stage, the child becomes able 
to manipulate hierarchies of classes, to serialize asymmetrical 
relations and appreciate transpositions, and to employ additive 
compensations that enable him to conserve quantity, length, and 
number. At each stage, after the first sensorimotor one, the 
child’s anticipation of the end or goal of his action or thought 
serves to unify the system. Even though concrete thought con- 
tinues to be directed by encounters with circumstances, the 
“groupings” of regulatory expectations serve to organize concep- 
tually the classes, asymmetrical relations, and compensatory ad- 
ditive combinations. 

Such coordination is then repeated when the concrete additive 
operations become recoordinated and reorganized into formal, 
multiplicative operations (Inhelder & Piaget, 1955). At this final 
stage, the thought of adolescents confronted with various kinds 
of problems begins to reflect various of Boole’s (1854) logical 
structures. These logical structures include the proportionality 
which underlies the “education of correlates” that Spearman 
(1923) considered to be one of the distinguishing characteristics 
of intelligent action or thought, “the 16 binary operations of 
two-valued propositional logic,” and the “INRC group. Piaget 
(1953) views each of these systems of formal operations as a 
Gestaltish whole. ee 

Thus, while Piaget can readily accept the Gestalt principles of 
organization, the main burden of his life-work, in uncovering 
a progressive epigenesis of actional, imaginal, and intellectual 
structures and of epistemological constructions, 1S maximally 
dissonant with the notion that “the laws of organization” are 
constant in the course of human development. Rather, the sys- 
tems of behavior and of thought are seen to develop into more 
complex hierarchical organizations in the course of the child’s 
sensorimotor and informational interaction with his environmen- 


tal circumstances. 


26 THEORETICAL PERSPECTIVES 


PIAGET VERSUS PSYCHOANALYSIS AND DRIVE THEORY 


Piaget (1952) began his scientific career as a zoologist, but his 
first psychological concerns were psychoanalytic. His first publi- 
cations concerned the anatomical variations in mollusks develop- 
ing under various ecological conditions. These publications be- 
gan appearing when he was but fifteen years old. He earned 
his doctorate in zoology with a thesis on mollusks. Only then 
did he turn to psychology in Zurich. There he worked part-time 
in Bleuler’s psychiatric clinic, and he attributes his initial con- 
cern with psychoanalysis to the personal factor of his mother’s 
poor mental health (Piaget, 1952). In Bleuler’s clinic, he learned 
the interview method. He used this method in his early studies, 
first, at the Sorbonne where he was concerned with the reasons 
children failed on Burt’s tests and, later, in the first group of 
studies at the Rousseau Institute in Geneva (Piaget, 1923, 1924, 
1926, 1927, 1932). 

Despite this background in psychoanalysis, Piaget’s later work, 
beginning with his observations of the behavior of his own infant 
children in their repeated encounters with everyday things, has 
been concerned almost entirely with the development of intelli- 
gence and with children’s construction of the Kantian categories 
of reality. A concern with affectivity appears only incidentally in 
the role of a lack of equilibrium in accommodative modifications 
of intellectual and epistemological structures. It is undoubtedly 
in the difference between Piaget’s concerns and the concerns of 
psychoanalytic observers, as well as in the differences between 
the two vantage points of observation, that one finds the origin of 
such a radical difference in concern and findings with respect to 
affectivity and motivation. While Freud and the other psycho- 
analysts were concerned with understanding the origins of neu- 
rotic and psychotic behavior, Piaget concerned himself with the 
development of intelligent procedures for coping with environ- 
mental circumstances and with the construction of the various 
Kantian categories of reality. Where Freud and the other ana- 
lysts started with neurotically distressed, adult patients and 
attempted to reconstruct the basis for their distress from their 
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reported memories or from their free associations, Piaget ob- 
served the behavior and talk of infants and young children, 
typically well-fed and well-cared for, when they were confronted 
repeatedly with various environmental situations. The resulting 
difference in findings—the tremendous importance of the affec- 
tive aspect of life in psychoanalysis and the tremendous place of 
the cognitive aspect of life by Piaget—comes inevitably. 

Freud’s revolt against the rationalism of the conscious in the 
psychology of his day was made inevitable by the vantage point 
from which he observed life and attempted to reconstruct lives. 
The theory of drives (Treiben) as the springs of behavior, Freud 
found almost ready-made in the thought of the German version 
of the Romantic Movement. Freud's drive theory can be found in 
part in Schopenhauer’s notion that man finds his essence in will 
or desire, in part in Feuerbach’s related notion of the wish 
coupled with his notion that happiness is founded upon the uni- 
versal impulse of sexual love, in part in Biickner’s physiologizing 
of will and wish as drive which von Hartmann also espoused. 
Freud’s theory of the unconscious can also be found almost 
ready-made; it had been explicit in the psychological theory of 
Herbart, and it became popular with the wide-spread reading of 
von Hartmann’s (1869) The Philosophy of the Unconscious. 
Freud combined these ideas of drives and of the unconscious 
with his observations made through his interviews with his pa- 
tients and through their free associations to create his theory of 
psychosexual development (Freud, 1905). What Med originally 
the Freudian wish became explicitly tied to physiological stimu- 
lation in his paper, “Instincts and Their Vicissitudes” (Freud, 
1915). : , 

The concept of drive got support in America from the physio- 
logical investigations of Walter B. Cannon (1915) concerned 
With the bodily changes in pain, hunger, fear, and rage. It got 
further support from the psychological investigations of Curt 
Richter (1922, 1927), from the theorizing of Woodworth 
(1918), and finally, it got incorporated into the dominant moti- 
vational theories of psychology by a poon bap naar 
(1925), Dollard & Miller (1950), Guthrie (1938), Hull (1943), 
Mowrer (1950), and Thorndike (1935); (see also Hunt, 1963). 
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According to this drive theory, organisms are instigated to act 
only by strong and painful external stimuli, or by such internal 
needs as hunger, thirst, sex, or by innocuous stimuli that have been 
associated with (conditioned to emotional responses evoked by) 
either painful external or internal stimuli. When these conditions 
cease to operate, the drive ceases and the behavior is supposed 
to stop. Freud (1915) made explicit that the “aim” of all behav- 
ior is to remove the stimuli that produce excitation and to mini- 
mize the excitation in the nervous system. Moreover, according 
to Freud’s (1903) theory of psychosexual development, the indi- 
vidual’s character, neurotic or healthy, is largely a function of 
the fate of these instinctual drives and the emotional conditions 
related to them. Certainly, in those patients who come for 
psychotherapy, distressing emotions do loom large in the impres- 
sions that the psychotherapist gets from his patients’ talk. 

In the children observed by Piaget, however, the emotions 
loomed far less large. Although Piaget (1936) has been avowedly 
unconcerned with emotion and motivation, his observations 
are an interesting source for hypotheses concerning the devel- 
opment of motivation (Hunt, 1963b). Piaget’s own children 
were typically without pain, without hunger, without thirst, and 
presumably without sexually strong excitement at the points at 
which he made the observations reported. Nevertheless, his chil- 
dren were highly active and highly interested from a motivational 
standpoint, and were not without affectivity—delight when they 
achieved their intentional ends and distress when they failed. 
Presumably they were active by virtue of motivation based on 
their sensorimotor interaction with their environmental circum- 
stances, interaction based largely on input chiefly through the 
eyes and the ears but also from tactual contact with things and 
kinesthetic feedback from the muscles. If the other abundant 
evidence for motivation inherent in information processing and 
action (Hunt, 1963a) did not exist, Piaget’s observations would 
strongly suggest that something in the infant’s informational 
commerce with his environment through the eyes and ears con- 
tains a basis for motivation. Moreover, as I have said elsewhere 
(Hunt, 1963b, 1965a), Piagets observations give us at least a 
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first approximation of the nature of the epigenesis of this motiva- 
tion intrinsic to the infants informational interaction with his 
circumstances. | 

Piaget’s observations suggest an epigenesis in which there are 
four phases. At birth, the human infant is essentially responsive 
from the motivational standpoint. During this phase, the effec- 
tive instigator appears, as noted above, to be less a matter of 
energy delivered at the receptor than one of change in some 
characteristics of the light and sound delivered to the eyes and 
ears and, perhaps, change in the characteristics of contact with 
the receptors in the skin. The second stage begins with the ap- 
pearance of intentional activities calculated to retain or regain 
perceptual contact with objects, persons, and places pr y 
able through recognitive familiarity. As the one o ts rom 
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motivation and interest as Festinger (1957), Kelly (1955), and 
Rogers (1951) have recognized in their theoretical writings. 

In each of these stages, one can find a motivational basis for 
many of those infant activities that have long been considered 
predetermined in their appearance because they do have an 
autogenic basis (Hunt, 1965b, p. 231 ff). Although I have 
tended to emphasize information-processing, many correspon- 
dences exist between my concept of intrinsic motivation, which 
the observations of Piaget (1936) helped to justify, and Robert 
White’s (1959) conception of “competence motivation,” which em- 
phasizes the action side of sensorimotor organizations. I suspect 
that the perceptual and the active aspects of the sensorimotor 
organizations of the infant or child are but two sides of the same 
coin whose substance is their intentionality. Piagets observa- 
tions clearly imply that during a major share of his time, the 
human infant developing in a middle-class home is little con- 
cerned with his instinctual needs. He is looking and listening, 
manipulating and locomoting, and he is continually increasing 
the complexity of his self-directed activities. I suspect that it is 
the fate of these, his own intentions, that control his psychologi- 
cal development rather than the fate of his instinctual needs— 
except where such needs intrude to become the basis for inten- 
tions (Hunt, 1965b). 

Although Piaget has concerned himself centrally with intelli- 
gence and epistemological constructions, he has not denied the 
affective side of life. Rather, he regards the affective and the 
intellectual as inseparable because “all interaction with the en- 
vironment involves both a structuring and evaluation . . . we 
cannot reason, even in pure mathematics, without experiencing 
certain feelings, and conversely, no affect can exist without a 
oo ae or of discrimination” (Piaget, 1947, 
I positions imply a basis for motivation inherent in 
Fc Er and action. As such, they constitute a view 
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Piagets work as a beginning 


Despite the tremendous amount of observational evidence that 
Piaget and his collaborators have produced, despite the variety 
of theoretical conceptions for which the implications of their 
observations provide an intriguing and relevant dissonance, the 
work of Piaget is, I believe, but a beginning. His work leaves 
little fully established except probably that psychological devel- 
opment is much less an automatic unfolding with anatomical 
maturation than it is a joint product of that maturation of the 
infant continuously interacting with his circumstances and with 
even maturation in part a function of the interaction. Although 
the notion that every sensorimotor advance is organized in 
Gestalt fashion is a cornerstone of his conceptualizing, this is 
essentially an interpretive assertion. As the evidence stands now, 
an S-R behavior theorist can utilize another body of observations 
and make an alternative interpretation with nearly equal justifica- 
tion. As of now, moreover, it is no easy matter to confront these 
alternative interpretations with evidence that unequivocally 
weakens one and strengthens the other except as one widens the 
nomological net to include evidence from observations of behav- 
ior, from neurophysiology, and from the method of report, as I 
have tried to do above. Piaget’s theoretical constructs also leave 
considerable to be wished for. This holds true for his concepts of 
accommodation and assimilation, his concept of the role of lack 
of equilibrium in development, and his concept of stages in the 
epigenesis of intellectual development. Nevertheless, because of 
their implications for other views, Piaget’s observations and 
interpretations open doors. They are highly significant in the 
same sense that the initial observation of Sir Alexander Fleming 
Was significant when, in 1928, he left in open air some culture 
plates of Staphyloccus aureus and returned to find that a speck 
of mold had settled on the plate and that the bacteria had failed 
to grow in the neighborhood of the mold. When he quickly drew 
the implication that something in the mold had killed the bac- 
teria, he had taken the lid off a Pandora-like box whence, instead 
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of ills, came the blessings of antibiotics. I suspect that Piaget's 
observations and interpretations leave those of us concerned 
with early child development and early childhood education 
about where the bacteriologists were with respect to antibiotics 
when Alexander Fleming made his observation and drew this 
pregnant implication. It took a tremendous amount of research 
and development to bring about the social consequences we 
know as the result of antibiotics. In view of the tremendously 
greater complexity of human behavioral development as com- 
pared with bacterial development, it will take a tremendously 
greater amount of research and development before we can 
realize either the developmental or the educational potentialities 
of Piaget’s work. I suspect that Piaget’s observations and theoriz- 
ing, through the work they lead to, are turning some fundamen- 
tal corners also in systematic psychology. 


ACCOMMODATION, ASSIMILATION, AND LACK OF EQUILIBRIUM 


Accommodation and assimilation, taken together with the 
notion of lack of equilibrium, constitute Piaget’s theory of onto- 
genetic, developmental adaptation. These concepts are exceed- 
ingly general. In fact, they are as general as the concept of learn- 
ing. Perhaps it is more accurate to say that these theoretical 
constructs of Piaget are even more general than the notion of 
learning. If one defines learning to include only those phenom- 
ena of behavioral change typically described in textbook chap- 
ters on learning, then, Piaget’s accommodation, assimilation, and 
lack of equilibrium incapsulate a considerably broader domain 
than has traditionally been incapsulated by learning. Elsewhere 
ein 1966 ) I have described a dozen adaptive phenomena 
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learning that has been extended by others, especially Hull (1943, 
1952) and Skinner (1938, 1953). Almost never included in these 
chapters on learning, not even in such categorizations of learning 
processes and their conditions as Gagné (1965) has constructed 
with educational ends in view, are the following phenomena 
which Piaget (1936) has noted in his observations of the psycho- 
logical development of his own three children and in his studies 
of children of various ages. 

(1) The phenomenon of input habituation: repeated encoun- 
ters with a given pattern of change in input as the consequence 
of extinguishing the arousal and attention that initially accom- 
Pany such changes of input. This consequence of repeated en- 
counters with change of input is illustrated nicely in a study by 
Sharpless and Jasper (1956) wherein the electroencephalo- 
graphic signs of arousal to the onset of a loud tone disappear 
with repeated presentations. Habituation appears to have great 
significance for the role of what the Russians call the “orienting 
response” (Razran, 1961; Simon, 1957). 


(2) Schema development with use: sensorimotor systems reg- 
action with his environmental 


rapidly than they would if 
aphorisms states that “use is 


ularly involved in an infant’s inter 
circumstances develop much more 
not used. One of Piaget’s favorite 
the aliment of the schema.” Moreover, Piaget (1936, p. 115) 
noted that the behavioral landmark he described as “looking and 
grasping” and interpreted as a “double schema of asimilahon “or 
a coordination between reflexive looking and reflexive grasping 
first appeared in his son, Laurent, at three months of age, and a 
his daughter, Jacqueline, at six months of age. Piaget writes: 
E ; Ls aes enle usi sidering Jacqueline retarded 
Owever, nothing justifies us in consic ne eet teens 

- the explanation is very simple: Jacqueline, bee pi y 
9th and spending her days outdoors on à balcony, t ei h less 
active in the beginning than Laurent, born in May. w -n 
and by virtue of this very fact, I made many fewer experimen 5 
on her during the first months, whereas : a eee 
aurent” . In my own labora , Da = 
berg and Le a : published) have shown that gee a 
Stabile pattern within view over the cribs of jo © a. 
ants, beginning when they are five weeks of age, results in the 
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appearance of the blink response at an average of seven weeks of 
age, whereas this blink response fails to appear in home-reared 
infants with no pattern within constant view until an average of 
over ten weeks of age. As White and Held (1966) suggest, an 
opportunity to look at objects may hasten the development of 
visual accommodation upon which the blink response is based. 
They, moreover, have shown that the development of visual 
attention is a function of circumstances and that the develop- 
ment of the final form of eye-hand coordination in mature 
reaching can be reduced in orphanage-reared infants from a 
median of 145 days to a median of 87 days (White & Held, 
1966) by providing with enrichments in the circumstances which 
evoke looking and hand motion. 

(3) Neural maturation and the development of brain struc- 
ture and brain chemistry appear to be influenced appreciably by 
environmental encounters. Such a possibility, implied in Piaget’s 
aphorism that “Use is the aliment of the schema” derived from 
his observation that even reflexive systems decay without use 
(1936, p. 30, and 42 ff). Evidence that the absence of an oppor- 
tunity to use the eyes to see light and patterns results in failure 
of the anatomical apparatus of the visual system to develop 
appears in the various studies of the histological and histochemi- 
cal effects of dark-rearing in rabbits (Brattgärd, 1952), in 
chimpanzees (Rash, Swift, Riesen & Chow, 1961), in kittens 
(Weiskrantz, 1958), and even in the lowly rat (Liberman, 1962). 
The retinal ganglia of dark-reared animals from these several 
species have been found to be deficient in ganglion cells, in 
Mueller fibers, and also in RNA production, Conversely, evi- 
dence of increased growth of central brain structures of rats 
developing in circumstances deliberately made extra complex 
have been repeatedly reported (Altman & D 
Diamond, Krech, & Rosenzweig, 1964). 

(4) Image formation: repeated encounters with objects, per- 
sons, and places with increasing degrees of permanence. Piaget’s 
(1936, 1937) several descriptions of the construction of the 
object and of object permanence are of central importance, yet 


they appear to have been completely missed by other observers 
of child development. 


as, 1964; Bennet, 
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During the first several weeks after birth, infants grow more 
and more proficient in following objects with their eyes, but 
when the object followed disappears from view, the infant’s gaze 
wanders immediately from the point of disappearance. Once out 
of sight, the object is also out of mind. At this stage, infants 
cannot play peek-a-boo. Later, after more looking, when the 
object followed disappears, the infant’s gaze lingers at the point 
of disappearance. At this stage, they typically reach for and pick 
up partially covered objects that they desire. Yet, if the object is 
completely covered, they immediately lose interest in it. Later, 
after a variety of other encounters with objects, an object that 
disappears under a single screen evokes efforts to remove the 
screen. At this stage, infants do play peek-a-boo. With further 
visual encounters that occur with time, such efforts become more 
and more persistent so that an infant can remove not only one 
screen but two and three or more. Then slightly later, he can 
follow objects that disappear successively under each of several 
screens. There finally comes a time when the desired object is 
hidden in a container, the container disappears under a screen 
and comes back empty, and when the infant fails to find the de- 
sired object in the returned container, he turns immediately to 
the place where the container disappeared (see sound-motion 
picture by Uzgiris & Hunt, 1967; Uzgiris & Hunt, 1969). When 
such behavior has appeared, an infant can typically be observed 
also to imitate models that are no longer present and to solve 
problems mentally without the process of motor groping. 

(5) Reversibility of imagery: with still more sensorimotor 
encounters with objects, persons, and places, children come to 
manifest behavior implying a reversibility of their representative 
central processes. Thus, when a desired object is placed out of 
sight within a box, and that box is then hidden successively 
behind a series of covers, the child begins his hunt for the object 
with the last cover under which the box containing the desired 
object disappeared. When he fails to find it there, he proceeds to 
the next-to-last cover, then to the next-to-next-to-last, etc. Here it 
is as if the child could play his representative processes back- 
ward as well as forward. The hypothesis that these changes of 
behavior imply central processes that can represent objects, per- 
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sons, and places is strengthened considerably by the recent 
findings, mentioned above, that sensorimotor interaction with 
objects influences the development of brain structures and brain 
chemistry. It is in this domain of the increasing dominance of 
central processes over perceptual inputs that Piaget, in his col- 
laborations with Lambercier, has made genuine experimental 
contributions as experimental contributions are defined by Amer- 
ican investigators (Piaget & Lambercier, 1943a, 1943b, 1944, 
1946, 1953; and Piaget, Lambercier, Boesch, & Albertini, 1942). 
With psychophysical experiments, these investigators have 
shown definite changes in the nature of perceptual illusions with 
age. The fact that object constancy increases with age, and the 
fact that the “error of the standard” is somewhat underestimated 
by children age five to seven years but is overestimated by 
adults, taken together, imply an increasing role of central pro- 
cesses in perception. The increase in the role of these processes 
in the development of intelligence is even more marked than it is 
in perception (Hunt, 1961, p. 288 ff). Perhaps it should also be 
noted here that this process of image formation corresponds 
rather closely to Hebb’s (1949) conception of the formation of 
“cell assemblies” in early or “primary” learning, but both Piaget’s 
observations and the ingenious experiments of Held (e.g. White 
& Held, 1966) and his collaborators indicate that action also 
plays a major role, perhaps to show that the visual anticipation of 
the infant or animal as to location or shape is wrong and to call 
for an accommodative change. 

(6) Sequential organizations: encountering a sequence of 
changes in the character or the pattern of receptor inputs has as 
its consequence sequential organizations of central processes. 
Piaget (1936) saw the basis for the coordination between such 
ready-made systems as looking and listening, looking and grasp- 
ing, listening and vocalization, as a basis for his notion that 
accommodation comes about in one way through the combining 
of ready-made sensorimotor systems. From another standpoint, 
one can see these sequential organizations deriving from the 
simple fact that sensory processes run off faster than do events. 
These phenomena led Hebb (1949) to invent the concept of 
“phase sequences.” In the language of common sense, these 
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sequential organizations manifest themselves as expectations. In 
a sense, they come about through a process very much like Pav- 
lovian, classical conditioning. There, however, the sequential 
organizations examined have been typically between stimulus 
inputs and motor outputs. In the coordinations that Piaget has 
observed, the sequential organizations are typically stimulus- 
stimulus relationships, and from the work of Maltzman & Raskin 
(1965), the motivational basis for these sequential organizations 
appears to reside in the attention and arousal of the “orienting 
response.” Once a given kind of change of input has been en- 
countered sufficiently often to become habituated and to extin- 
guish thereby the attention and arousal constituting the orienting 
response, that kind of change in input cannot become a conditional 
stimulus in any new sequential organization. This is a point of 
great educational significance, but elaborating it lies beyond the 
scope of this paper. eee ‘ 
(7) The hypothetical epigenesis of intrinsic motivation: as 
have indicated above in the section on “Piaget versus Psycho- 
analysis and Drive Theory,” even if there were not ts body 
of other evidence for a system of motivation inherent in informa- 
tion processing and action (Hunt, 19632), Piaget’s observations 
are sufficiently explicit in their implications of such a system 
that one would have to start looking for the evidence. Moreover, 
as also indicated above, his observations appear clearly to imply 
a developmental epigenesis of such motivation rrem the 
adaptive accommodations on which Piaget has placed is primary 
attention. While accommodation and assimilation may be invari- 
ants, the lack of equilibrium that forces accommodative papa 
cations in a child’s organizations of action and thought in the 
course of development undergoes change in its basic nature. 


During the first phase, the human infant is basically responsive 
d the attention and arousal evoked by 


appear to motivate the development of 
the sequential organizations that serve to coordinate the ready- 
made systems for receiving information. With repeated encoun- 
ters of a given pattern of change in input from given objects, 
persons, and places comes recognitive familiarity that, as it is 
developing, appears to make those objects, persons, and places 


to changes of input, an 
these changes in input 
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attractive. Elsewhere (Hunt, 1963b, 1965b) I have suggested 
that the “imprinting” of the ethologists, which Lorenz (1937) 
has seen as the chief basis for attraction in the development of 
emotional attachments in birds and various mammals, may well 
be a special case of this attractiveness that comes with the devel- 
opment of recognitive familiarity. From Piaget’s (1936) observa- 
tions, I gleaned it was commonly and repeatedly encountered 
objects that induced his children to make efforts to hold the 
objects within perceptual range (Hunt, 1963b). In an exploratory 
experimental test of this hypothesis, my colleague, Dr. Uzgiris, 
and I found that infants two months of age did look longer 
at a pattern that had been hanging over the crib for a month 
than they looked at an unfamiliar pattern of relatively similar 
character (Hunt & Uzgiris, 1968), but the evidence from some 
studies has been less impressive. Although I still believe that a 
genuine motivational phenomenon resides here, I am less certain 
that I am properly describing the conditions for it. 

Repeated perceptual encounters with objects, persons, and 
places already recognitively familiar, lead directly to an interest 
in the novel and in changed situations. In part, this change 
probably results from the process of input habituation, and the 
boredom that results with repeated encounters. In part, however, 
it may also result from becoming recognitively familiar with a 
wide variety of objects, persons, and places so that the infant 
gradually develops a kind of “learning set” or rule which can be 
Stated as “things should be recognizable.” At this point, unrecog- 
nizable objects, persons, and places provide the infant with a 
kind of task—a kind of generalized goal for his perceptual 
activity. This goal may well motivate what Woodworth (1947) 
characterized as the “trial-and-check process of perceiving.” He 
saw the goal of this process as clear perceptual meaning and the 
identification or recognition of what is being examined. Such a 
learning set may well be an important factor in an older infant’s 
persistent looking at unfamiliar objects. 

(8) Intentionality and competence: Attempting successfully 
to maintain or regain perceptual contact with objects, persons, 
A cre bray a become recognitively attractive appears, 

936) observations, to have the consequence of 
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producing intentions, or, intrinsically motivated plans (Hunt, 
1963b, 1965b). In their earliest form, intentions appear merely 
to be actions responsive to the loss of perceptual contact with an 
object repeatedly encountered. But, as I have indicated above, it 
would appear that the human infant discovers something akin to 
“operant” activities through his effort to hold on to or regain 
perceptual contact with what has become recognitively attrac- 
tive. Gradually, however, this too appears to result in a kind of 
rule that might be verbalized as: “If I do things, I can make 
interesting things happen.” In such a generalized functional 
form, this anticipatory intentionality appears to shift gradually, 
from mere attempts to retain or regain perceptual contact to 
active attempts to gain tactual contact and to manipulate desired 
objects. As the infant makes this change, he comes into a kind of 
his environmental circumstances that enables 
him to increase continually the level of the complexity in his 
actions and in the materials he can examine. This is at least one 
interpretation of the basis for what Robert White (1959) has 
termed “competence motivation.” Insofar as infants do develop a 
kind of rule that “If I do things, I can make interesting things 
happen and I can find interesting things to do,” it is very likely 
that the persistence of such motivation may be strongly influ- 
enced by the nature of the “schedules of reinforcement Line 
& Skinner, 1957) with which the environmental rs o 
children have permitted them to achieve their ie in Re 
In fact, from this standpoint, reinforcement in suc h action cou 
well be defined as the achievement of intentional goals. One 
Would guess that persistent or Se goss rene ie 
tion probably derives from experiences s singe intermixe 
with an increasing proportion of failures A cote en booed 
Only at the expense of prolonged effort. Although Fiag c à 
of equilibrium and lack of equilibrium s pap por cae. 
cations of the sort indicated, I readily confess t : am yee L 
ing this line of thought well beyond = ber to 100S and. Dave, 
Perha his conceptions unre . 
eed ai dl of these aight phenomena, Or et 
alled invariants of process, 


e . . 2, | 
Within the domain of Piaget's S0€ he domain of equilibrium 
accommodation and assimilation, 07 the 


relationship with 
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and its lack, they, like the term “learning,” can refer to little 
more than the general domain of the influence of encounters 
with circumstances on the development of the organism and its 
behavior. On the other hand, the observations that Piaget has 
made within this domain are pregnant with implications. In my 
own personal case it was the effort involved in becoming reason- 
ably conversant with Piaget’s concrete observations as well as 
with his theorizing that prepared me to be receptive to the im- 
plications of the investigative evidence to which I have alluded 
in synopsizing the nature of these eight (Hunt, 1961), and other 
phenomena (Hunt, 1966). On none of these phenomena, which I 
believe do belong within the general domain of learning, or the 
domains of learning and motivation, do we have anything like 
the evidence that exists for the four standard kinds of learning. 
Neither have we begun to exploit their implications for educa- 
tion. By education, here, I mean the fostering of the develop- 
ment of competence, and of those kinds of motivations and stan- 
dards of conduct appropriate for full participation in the highly 
technological culture which now, and for the unseeable future, 
constitutes the ecological niche of human beings in our society. 
It is, thus, that I contend that Piaget’s observations and theoriz- 


ing constitute but a beginning, but a highly important begin- 
ning. 


THE CONCEPT OF STAGES IN BEHAVIORAL DEVELOPMENT 


The concept of stages in psychological development appears to 
me to constitute at best but a first approximation of the order 
that may exist in the development of those organizations of be- 
havior and the central processes that comprise intelligence, moti- 
vation, the constructions of reality, and the standards of conduct. 
Piaget’s observations of an epigenesis in psychological develop- 
ment, interpreted as stages, have the merit of suggesting very 
strongly that there is a very definite order in the successive 
patterns of behavior and thought. Such a notion meets with a 
great deal of resistance in those who have imbibed their psycho- 
logical conceptions from S-R behavior theorists. The S-R behav- 


ior theory that original nature consists of an abundant variety of 
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reflexes hardly permits of such natural ordering, although, as 
Gagné (1965) has suggested, it can be made to permit of a 
hierarchical ordering of varieties of learning based on differing 
conditions of acquisition. The view of S-R theorists has always 
been at odds with that of Gesell. Although Gesell and such 
investigators as Mary Shirley (1933) reported eS definite order 
in the development of such functions as locomotion, prehension, 
ete., they both considered this order to be predetermined by the 
genes in both rate and succession of patterns. The notion of the 
constant IQ was founded on the principle of predetermined 
development. When the S-R behavior theorists rejected this 
predeterminism, they tended also to reject the very notion of any 
natural order in development, be it predetermined or otherwise. 
One can readily find several sources for definite order in the 
successive patterns of psychological development, me ih 
these lend support, at a most general level, to the A e z er 
that is implicit in Piaget's conception of stages. One of these 
sources is the traditional one of hereditary preprogramming. In 
every vertebrate species known, for instance, es oa be- 
gins with the head-end, and proceeds tailward. Coghills ee) 
cephalocaudal principle is universal, at — en meee 
This preprogramming may well extend en ond ms) ration when 
opment, There may also be critical perio s in matura fie 
certain kinds of encounters with circumstances a ae 
productive in effecting the acquisition of =e os cae ra 
behavior and thought. On the other hand, i bel 
assume such a state of affairs merely because a cc er ehav- 
ioral discontinuities tend to occur at given h pa ridagi Prien 
at these given ages merely because the eu : stances simulta- 
into encounters with various sets os Ts Bus is a prepro- 
neously at a given rate. Moreover, even a se, fanctionss the Tate 
grammed order in the development w ka | Ba various studies 
: develoment, as we P [sas sae ich the ane of White 
Of ani j and of huma j = ; 
ma ne un nee modified substantially. But definite 


‘hich the rate of development 

limi er degree to which 

ca Es = exist y= as it is likely that genetically based 
~ aE modiled. ne : the degree to which the rates 


individual differences may exist 1 
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of development for various functions can be modified by the cir- 
cumstances encountered. Genetic preprogramming, however, is 
only one source of order in the development of behavior and 
thought. 

A second source of order emerges out of successive processes 
of coordinating organized systems into new and more compre- 
hensively organized systems. Such a view underlies the concep- 
tion of intelligence as a hierarchical organization of abilities for 
which Piaget’s observations and theorizing are but one source 
(Ferguson, 1954; Gagné, 1965; Gagné & Paradise, 1961; Hunt, 
1961, p. 109 ff). This notion of a hierarchy of organized sen- 
sorimotor systems is perhaps most clearly exemplified in Piaget’s 
(1936) observations of psychological development during the 
first two years. Thus, during Piaget’s second sensorimotor 
stage, looking and listening become coordinated as things 
heard become something to look at, and as the infant acquires 
auditory localization. Thus also do such coordinations occur as 
things looked at become something to grasp, and as patterns of 
sound heard become something to vocalize. During the third and 
fourth stages, these first habitual coordinations become coordi- 
nated at a new hierarchical level in various means-end relation- 
ships through which representative central processes gradually 
develop. This notion of hierarchical organization is continued, 
moreover, in Piaget’s (1943) conception of the origin of sym- 
bolic processes and language. The child coordinates his images 
with imitations of standard vocal patterns. At first these images 
are idiosyncratic congeries arising out of exciting events of 
which imitated vocal patterns are a part (Hunt, 1961, pp. 
185 ff). Such organizations give rise to pseudowords with suffi- 
cient semantic specificity to permit limited communication. As 
the number of pseudowords increases, the child appears to 
acquire a “learning set” (Harlow, 1949) that “things have 
names.” This stage is typically marked by endless questions of 
what's that?” Still later, largely through efforts at communica- 
tion, these semantic referents become more and more standard. 
In turn, the child develops various “intuitive regulations” that 
enable him to anticipate a good many events. These, however, 
leave many of his expectations dissonant with his observation. As 
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I understand Piaget (1943, 1947), this dissonance between ex- 
pectations and perceptions gives rise to the disequilibrium that 
forces accommodative modifications. This continues until these 
regulations are coordinated, or—to use Piaget’s (1947) term— 
grouped, into the additive, concrete operations of thought that 
permit the reversible “nestings of classes, relations, and num- 
bers.” These concrete operations persist but get regrouped into 
the multiplicative, formal operations of the adult that begin to 
appear in adolescence. The empirical foundations for this con- 
ceptual schema are less pretty than the schema itself, especially 
beyond the sensorimotor phase. Piaget’s observations of his own 
children became sketchy after they were about two years of age. 
Moreover, in his studies of children beyond four years of age he 
reverted to the cross-sectional method of confronting groups of 
children of successive ages with his various problem situations. 
Nevertheless, the general conception of coordinating-systems, 
where it is empirically valid, implies that it is impossible to obtain 
a coordination between two subordinate coordinations until both 
those subordinate systems are already formed in the child’s rep- 
ertoire. This view, I should note again, is in essential congruence 
with that of Gagné (1965), which is based on kinds of learning 
differentiated by their conditions of acquisition. This implication, 
moreover, provides a very definite basis for ordinality in psycho- 
logical development that is quite independent of any genetic pre- 
programming. 

A third basis for 


to be found as central process reas z 
persistence grow up out of the young organisms perceptual en- 


counters with objects, persons, and places. The order in such 
behavioral development has already been described above. A 
very clean ordinal scale of behavioral landmarks can be found in 
this development of object permanence (Uzgiris & Hunt, 1968). 
Now these behavioral landmarks are not preprogrammed. That 
they are clearly a product of the infant's visuo-motor interaction 
with his circumstances is implied by their failure to develop in 
dark-reared chimpanzees (Riesen, 1958). Just how much varias 
tion in the age at which each major landmark makes its appear 
ance in human infants can be produced by variations in the 


a definite order in behavioral development is 
G . . 
es with increasing duration of 


44 THEORETICAL PERSPECTIVES 


circumstances an infant encounters perceptually remains to be 
investigated, but the retardation in orphanage-reared infants and 
in cage-reared animals appears to derive in large part from lack 
of opportunity to encounter variety in patterns of perceptual 
input. No matter how rapidly or how slowly this order of behav- 
ioral landmarks takes place, its nature and its order, growing out 
of the perceptual interaction of the infant with his circumtances, 
remain essentially fixed. 

Here, then, are three quite distinct bases for order in psycho- 
logical development. Only one of these derives from genetic 
preprogramming. Uzgiris and Hunt (1969) have also uncovered 
others in developing their ordinal scales of infant psychological 
development. Still others may exist whose nature we have not 
yet gleaned. Nevertheless, the point that order growing out of 
encounters with circumstances can be fixed in nature without 
being genetically preprogrammed is, I believe, established. 

On the other hand, a great deal of the order that Piaget has 
reported in the development of his illustrative accounts of the 
development of his own three children followed longitudinally 
and in his groups of children studied cross-sectionally may well 
be an artifact of the culture in which they were developing. It 
may well have been an artifact of the combination of circum- 
stances that these children were encountering repeatedly at a 
relatively fixed and common rate. Although the order might be 
common to the children in other families reared in the same 
general culture, it could be a matter neither of preprogramming 
nor of anything inevitable in an infant’s interaction with his 
circumstances. In Piaget’s observations of his own children, for 
instance, I get the impression that they manifest ear-vocal coor- 
dinations before they manifest eye-hand coordinations. I make 
this statement without great confidence, for it is no easy matter 
to make such a comparison merely from an examination of 
Piaget’s observations. I can say with considerable confidence that 
ear-vocal coordinations do appear, as evidenced by pseudoimita- 
tions of familiar vocal patterns, well before eye-hand coordina- 
tions, evidenced in visually directed reaching, in the home- 
reared infants who served as subjects for Uzgiris and Hunt 
(1969). Contrariwise, in the infants of the Tewksbury Hospital, 
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where White and Held (1966) have conducted their splendid 
experiments, eye-hand coordination, as manifested in visually 
directed reaching following their enrichment programs, came 
well ahead of any evidences of any ear-vocal coordination. In 
other words, the age at which any given sensorimotor coordina- 
tion of this sort appears may be early or late (in the case of 
mature reaching, for example, at a median age of 87 days for 
those Tewksbury infants who encountered the enrichment, and a 
mean age of 145 days for those who were subjects in the original 
normative study without such enrichment). Which of two such 
coordinations appears first is clearly a matter of the nature of the 
circumstances most frequently encountered, the order for such 
sensorimotor coordinations is highly plastic. While their appear- 
ance may take an ordinal form among children developing under 
any given set of circumstances, there is no ordinality fixed in the 
nature of things. Yet, on the other hand, any coordination of two 


such coordinations must presume the existence of both coordina- 


tions before the new level in the hierarchy can be achieved. 
Such a logical analysis implies that a great deal of investiga- 
tion will be required before we can ascertain precisely which 


behavioral and conceptual landmarks in psychological develop- 
ment come in an inevitably fixed order and which do not.° 
° I recognize, of course, that one may come at the matter of order in psychologi- 
cal development from an opposite standpoint. My position in this discussion has 
been dictated by the issues posed by the development of inevitable ordinal scales 
with which to assess development. ‘Another standpoint is that of Gagné (1965) 
and Gagné and Paradise (1961), which Bereiter and Engelmann (1966) have 
found fruitful in their planning of curricula with which to help culturally disad- 
vantaged children get the abilities required for success in first grades that employ 
what has become a fairly standard curriculum. This other standpoint takes off 
from what is to be required of the child, on the one hand, and from what is miss- 
ing from his repertoire, on the other hand. From my observations of the children 
who constituted their first group, I believe Bereiter and Englemann (1966) had 
considerable success. They failed, however, with 4 of the 15 disadvantaged children 
in their original group. Whether this failure was inevitable on hereditary grounds 
is a matter of conjecture. Whether such an approach will or will not succeed is, I 
believe, also a matter of the degree to which the curriculum devised, from an 
analysis of social goals, to achieve these goals provides what I have termed else- 
where an appropriate match (Hunt, 1961, PP- 267-288; 1966, pp. 118 ff) be- 
tween the development of the child and the circumstances which he encounters in 
the curriculum. I believe this match must be such as will hold the attention of the 
child and yet call forth modifications in the cognitive systems he brings to the 
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Ausubel (1963, pp. 112-122) has pointed out how basically 
irrelevant investigations with cross-sectional samples of children 
at various ages can be to this issue. It will be important in such 
investigations to employ longitudinal methods in which the same 
subjects are examined repeatedly over a period of time sufficient 
to determine the relationships among a set of landmarks in 
behavior considered to be orderly in their appearance. It will 
also be necessary to provide the subjects in such longitudinal 
studies with encounters with circumstances especially designed 
to alter the order presumed to be fixed. 

Piaget’s stages, as he has described them, are based on no such 
combination of longitudinal studies in which the circumstances 
encountered have been deliberately arranged to modify the 
order in which the behavioral landmarks appear. Only those 
stages of the sensorimotor phase from birth to approximately two 
years of age (Piaget, 1936, 1937) and those during the develop- 
ment of symbolic thought from about two to four years of age 
(Piaget, 1943) are based on longitudinal observations—of Pia- 
gets own children. The stages of the intuitive phase from 
about four to seven or eight years of age, when concrete opera- 
tional thought appears (Piaget & Inhelder, 1948; Piaget & 
Szeminska, 1941), and those leading from concrete operational 
thought to the development of formal operations in adolescence 
(Inhelder & Piaget, 1955) are all based on cross-sectional 
studies, in which groups of children of various ages are con- 
fronted with the various kinds of problem situa 
cross-sectional studies alone. 

As he has described them, Piaget’s stages consist in phases of 
transition that terminate in landmarks of behavioral discontinu- 


tions, and on 


curriculum. It should also be noted that the work of Skinner’s followers indicates 
that interests themselves can be cultivated—at least in the sense that inputs which 
are not originally reinforcing can be made to be reinforcing by becoming sequen- 
tially organized with inputs or events which are reinforcing (Addison & Homme, 
1966; Kelleher & Gollub, 1962; Homme, et al., 1963). This work indicates that, in 
the programming of instruction toward socially prescribed ends, it may be essen- 
tial to program the development of appropriate interests first. It is my guess, 
however, that such approaches are indicated only when cultural disadvantages or 
social pathology have resulted in what is essentially the need for a special kind of 


therapy to permit cognitive development and socialization to continue with in- 
trinsic motivation. 
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ity whence new phases of transition begin. I shall limit my 
illustrations to the major phases and to the behavioral landmarks 
that designate the terminus of each and the beginning of the 
next. Thus, the sensorimotor phase terminates in various kinds of 
behavior implying the presence of stable imagery. These kinds of 
behavior include imitation of models no longer present, solving 
problems while looking at them and without motor groping, and 
following desired objects that are out of sight in a box through a 
series of hidings in which only the box is visible. Since these 
three kinds of behavior appeared at about the same time in his 
children, Piaget presumed that they came at once with the 
development of stable imagery. Perhaps they do, but to my 
knowledge, no one has attempted to arrange encounters with 
circumstances to encourage one of these imagery-implying kinds 
of behavior while eliminating opportunities to acquire the other 


kinds. In Piaget’s (1947, Ch. 5) description, these kinds of 
mark the terminus of the sensori- 


behavior implying imagery 
f the preconceptual phase. 


motor phase and the beginnings 0 
The preconceptual phase is concerned successively with the 
development of symbolic thought and language and with the 
development of progressively extended and more accurate intu- 
itive regulations. This phase terminates in the development of 
what is described as a Gestalt-like system of concrete reasoning 
Operations at about the age of seven or eight years. The onset of 
concrete reasoning is marked by the conservation of quantity, 
length, and number, by the ability to manipulate reversible 
nestings of hierarchies of classes and of relations, and by the 
inference pattern of transitivity for length, quantity, degree of 
darkness, etc. Although Piaget and his collaborators have de- 
vised a variety of tests to diagnose the presence of this system of 
concrete reasoning operations, they have typically given only 
one at a time to each series of age groupings, and from such evi- 
dence they have drawn the inference that the reasoning system 
comes into being all at once as a grouping of intuitive regula- 
tions. Thus, Piaget has written: 
To divide developmental continuity into stages recognizable by some 
Set of external criteria is not the most profitable of occupations; the 
crucial turning-point for the beginning of operations shows itself in a 
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kind of equilibration, which is rapid and sometimes sudden, which 
affects the complex of ideas forming a single system and which needs 
explaining on its own account. In this there is something comparable 
to the abrupt complex restructuring described in Gestalt theory, ex- 
cept that, when it occurs, there arises the very opposite of a crystalli- 
zation embracing all relations in a single static network; operations, on 
the contrary, are found formed by a kind of thawing out of intuitive 
structures, by a sudden mobility which animates and coordinates the 
configurations that were hitherto more or less rigid despite their pro- 
gressive articulation (1947, p. 139). 


These concrete operations of thought are, however, limited to 
concrete materials; they do not extend to verbal tests of similar 
structure. In the case of conservation, moreover, the children 
who conserve quantity at age seven or eight fail to conserve with 
the same materials when the questions concern weight— 
typically till age nine to ten in the findings of Piaget and 
Inhelder (1947). And those who conserve weight at nine or ten 
fail to conserve, again with the same materials, when the ques- 
tions concern volume—typically till age eleven to twelve ( Piaget 
& Inhelder, 1947). During this same period, changes take place 
in the child’s conceptions of space (Piaget & Inhelder, 1948) and 
of geometry (Piaget, Inhelder & Szeminska, 1948). The devel- 
opments of this phase of concrete operations terminate in what 
Piaget (1947, p. 148) calls the “second-degree grouping of oper- 
ations” in formal thought. These are marke 
ability to conserve volume and to decode 
involving classes and utilizing the te 
related to a given nesting of classes, by thought reflecting the 
hypothetico-deductive method (wherein thought directs obser- 
vation), by the proportionality schema, by the 16 binary opera- 
tions of two-valued propositional logic, and by the INRC group 
in attempting to solve various problems (Inhelder & Piaget, 
1955). Cross-sectional descriptive studies by 
generally confirm the findin 
(Wallach, 1963). 

Various other investi 
discontinuities in vario 
logical events at the a 


d behaviorally by the 
properly propositions 
rms some, all, and none as 


other investigators 
gs of Piaget and his collaborators 


gators have uncovered what appear to be 
us performances and various neurophysio- 
ges at which Piaget finds the onsets both 
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of concrete operations and of formal operations. S. H. White 
(1965, 1966) has reviewed a variety of such changes associated 
with about age six—an age more typical than seven to eight for 
the appearance of the behavioral landmarks of concrete opera- 
tions in American children. Smith and Greene (1963) have 
found a discontinuity in ability to organize inverted, reversed, 
and inverted-and-reversed feedback in order to write, draw, or 
dot at age ten to twelve in children when they are guided only 
by a view of their movement through television. Other discon- 
tinuities have also been reported at this age at which Piaget and 
his collaborators have found the onset of formal operations. 
Harway (1963) has reported a marked decrease in errors in- 
distance at this age. Katz and Deutsch 
lence of auditory-visual shifting in the 
ers, and Ratner, Gawronski, and Rice 
(1964) have reported the appearance of an adult-like maps 
to delayed speech-feedback, both in the range of ages garn 
to twelve. In general, these investigators have tended to attri ute 
the discontinuities in these various functions to maturation. 
Smith and Greene (1963), particularly, mention a critical 
period in the maturation of performance, even though the 
typical definition of a “critical period” is one during ee 
encounters with a given kind of par” nie ia alan y 
effective in the acquisition of a given pattern o aes mA = 
even though the authors evince no special concern with the role 
of encounters with any kind of circumstances. 7 dite in 
Attributing such discontinuities In behavior ms 
Maturation is our traditional blind alley because it has pa 
served to stop investigation of the role of — pe 
Occurrence, Despite the enlargement in the eo : = z 
implied by Piaget’s observations and aie A : he trae teen 
disequilibrium, accommodation, and assimi! atio , ~ = = 
satisfied with his descriptions and interpretations. He he 


i i ining the conditions of a 
singularly unconcerned with determining 


disequilibrium and of testing experimentally the implications of 
ais interpretations, even though his pan ed ie e 
quire validating and even though the imp T a 
Pretative constructs have great significance or education. 


volved in judgments of 
(1963) have reported evic 
reaction-times of non-read 
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In considering the issues of the role of circumstances encoun- 
tered in (1) determining whether the order in the behavioral land- 
marks is necessary and (2) in determining the age at which these 
landmarks occur, it is important to distinguish between the 
immediate effects of the short-term encounters typical of tradi- 
tional learning experiments and the effects of long-term, repeated 
encounters with problematic circumstances of a given kind. To 
my knowledge, the first issue has not really been investigated. 
All too seldom, moreover, have the effects of the short-term 
encounters with the circumstances of typical learning experi- 
ments been appreciably effective in hastening the onset of either 
concrete operations or formal operations (Gruen, 1965; Smeds- 
lund, 1961a, 1961b, 1g61c, 1961d, 1962, 1963a, 1963c). When 
short-term experiences have been appreciably effective, they 
tend to have been devoted to teaching verbal rules (Beilin, 1965; 
Gruen, 1965; Ojemann & Pritchett, 1963), to the teaching of 
addition and subtraction as a reversible intellectual operation in 
which each can nullify the other (Smedslund, 1g16d, 1961e, 
1963c), or to have been effective in producing transfer only with 
children who already show some evidence of concrete operations 
(Beilin & Franklin, 1962). Verbal rules have also shown a close 
relationship to the resistance of conservation responses to extinc- 
tion; high resistance goes with ability to give good verbal ex- 
planations (Smedslund, 1961e). Various of the studies that have 
attempted to modify the acquisition of the behavioral landmarks 
of concrete Operations have shown a misunderstanding of 
Piaget’s concepts or of what operations are relevant to them (see 
Smedslund, 1963b, for a critique). 

On the other hand, evidence indicating that long-term experi- 
ence influences the ages at which the various behavioral land- 
marks appear is clear—and not only for infancy. Conservation of 
quantity is typically delayed in deaf children (Furth, 1964; Nass, 
1964). When combined with the findings concerning the impor- 
tance of verbal rules for both the acquisition of and resistance of 
conservation responses to extinction, 
siderable importance for language in 
cuts a child off from the auditory cat 
can apparently also influence greatly 


this finding indicates con- 
conservation, Deafness that 
egory of informational input 
the order, the ages, and the 
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stability of various behavioral marks of the concrete operations 
appearance. I have myself examined a deaf girl age fifteen who 
had not learned the standard manual signs of the deaf. Although 
this girl spontaneously inquired through written questions (with- 
out syntax) about my family tree, and showed excellent under- 
standing of the branching relationships back through several 
generations while evidencing in her facial expression apprecia- 
tive wonder that I knew so many of their names, she did not 
conserve quantity as assessed by the two-ball technique. In fact, 
she considered a quantity labeled “mine” [the examiner’s] as 
larger than even a much larger quantity labeled “yours” [mean- 
ing hers]. Despite her confusion over conservation, this girl also 
understood road maps and their relationships to road signs. She 
would argue with her parents in her idiosyncratic system of 
gestural communication about which of several routes from 
Estes Park, Colorado, to New York City might be preferable. 
This, I believe, called for a visually based symbolic sophistica- 
tion about space well beyond that typical of children age seven 
and eight, when conservation of quantity has typically devel- 
oped. Those concepts that she could develop from information 
through the visual channel, she appeared to have despite near- 

age and the concepts 


sightedness, but those calling for langua 
embedded in language, she lacked. It is interesting that at age 


seventeen, and after some six months of sophisticated special 
education that emphasized language and brought her to the 
Point of communication through writing with sentences and 
appropriate syntax, she did conserve quantity with certainty. 

Other evidence attesting the importance of long-term experi- 
ence in children’s development of the behavioral marks of con- 
Crete operations derives from their retardation in the culturally 
deprived (Wachs, Uzgiris, & Hunt, 1967). The extent of this 
delay has been dramatized in a cross-cultural study of the per- 
ormances of Australian aborigines on à series of the diagnostic 
ons by de Lemos (1966). The ages at 
which these tests were passed by these subjects varied from a 
Minimum of eight years to a maximum of nineteen, and the 
variable most obviously associated inversely with the age of 
Passing was either amount of mission schooling or amount of 


tests of concrete operati 
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contact with people of European culture (the latter was sometimes 
confounded with racial mixture). 

Such bits of evidence, still limited to be sure, suggest strongly 
that one is justified in questioning the attribution of the behav- 
ioral landmarks of the various stages to maturation. They suggest 
strongly also that to attempt to alter the age at which these 
landmarks appear or the order in which they appear by means of 
short-term encounters with the circumstances characteristic of 
traditional learning experiments is the wrong focus. We need to 
develop an experimental methodology that provides individuals 
with relatively long-term encounters with circumstances hypo- 
thetically calculated to have various specified effects. It is pre- 
cisely such long-term encounters with circumstances that have 
been so effective in demonstrating the plasticity in the develop- 
ment of various functions during infancy (Greenberg, Uzgiris, & 
Hunt, 1968; White & Held, 1966). Perhaps the method of choice, 
where damage to that motivation inherent in information process- 
ing and action has not occurred, will be a preparation of the en- 
vironment with materials with which infants and children can 
play at will. This prepared environment can well be programmed 
to enable each child to build constructively on his own cumulat- 
ing experience. 

Indirect evidence for the importance of long-term experience 
in the development of the behavioral landmarks of various stages 
comes from yet another source, This indirect evidence also calls 
into some question Piaget’s conception of discontinuous stages 
—at least as I understand it and have described it above. One 
form of this indirect evidence consists in a failure of various 
investigators to find consistency in the performances of individ- 
ual children across a range of the diagnostics tests of concrete 
operations. Even Piaget’s collaborator Szeminska (1965) has 
reported difficulties in attempts to assess tr 
opment of thought when either different materials or children 
differing in formal training are concerned. In a study of adoles- 
cents, Case and Collinson (1962) found in most of their subjects 
evidence of their having reached the stage of formal operations, 
but regression to an earlier stage occurred frequently when the 
subjects lacked either specific information or the requisite vocab- 


ansitions in the devel- 
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ulary. In studies of younger children, Dodwell (1962) found that 
scores on a test of number concepts correlated only .20 with 
scores on a test of understanding the logic of classes. In perhaps 
the most sophisticated and careful of such studies, Smedslund 
found that “the generality of overt observable inference patterns 
over goal objects and percepts is quite limited” (1964, p. 27), and 
this is especially true over a range of ages from five to eight 
years when children are presumably developing these concrete 
operations that Smedslund terms inference patterns. In an at- 
tempt to determine order among various stages in the develop- 
ment of classificatory concepts, Kofsky (1966) found an order of 
difficult items that corresponded to that predicted by Piaget, but 
those who passed the more difficult items did not necessarily 
pass all the earlier ones. 

Another form of this indirect evidence consists in a failure of 
various investigators to find consistency in the performances of 
individual children in a given diagnostic test across a range of 
materials. Dodwell (1963) found that 80 percent of his nearly 
200 children had to be classified as “mixed” with respect to the 
stages of spatial-concept formation they exhibited in six prob- 
lems all concerned with the composition of lines. Johnson (1962) 
confirmed Piaget’s description of sequential order in children’s 
moral judgments associated with age, but the levels of maturity 
of individual children exhibited little generality across the situa- 
tions judged. When Uzgiris (1964) examined 140 children, 20 
each from kindergarten through sixth grade, with a standard test 
for conservation of quantity, weight, and volume with four 
different materials, she found no instance in which an individual 
who conserved volume failed to conserve both weight and quan- 
tity and no instance where an individual who conserved weight 
failed to conserve quantity with any given material, but this rule 
held quite imperfectly across materials. There were many in- 
stances of variance by a single step in the ordinality of volume, 
weight, and quantity for differing materials, and some instances 
where the conservation performances varied by two steps across 
materials, 


From these two kinds of evidenc sc 
tinuities in behavior that Piaget uses to mark the transitions 


e, it is clear that the discon- 
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between his successive stages are less Gestalt-like, are less struc- 
tures d'ensemble, than the cross-sectional evidence from groups 
of various ages on given diagnostic tests has led Piaget to be- 
lieve. Despite these evidences of lack of generality for these 
behavioral landmarks across diagnostic tests and across materials 
or situations, especially during the phase of acquisition leading 
to the mark of discontinuity, I continue to find myself impressed 
with the reality of these landmarks. I also find myself impressed 
with the resemblance of the notion of acquisition in one situation 
after another to that of Harlow’s (1949) conception of “learning 
sets.” I suspect that Piaget is correct in asserting that the con- 
crete operations become Gestalt-like operational structures in 
which one can find reflected the logical operations he has attrib- 
uted to them. But I suspect also that Piaget is wrong in asserting 
that these emerge quickly and all at once. Rather, they appear to 
emerge tentatively from coping with a given kind of problem in 
one situation, then again with that kind of problem in another 
situation, in another, and in another, and so on, then from 
coping with related kinds of problems in a variety of situations 
until the rules for the solution become generalized. How impor- 
tant it is for this generalization that the solution be imbedded in 
linguistic explanations is not fully established, but the existing 
evidence, especially from Smedslund (1961e), indicates that 
resistance to extinction is very much a matter of the rules for the 
solution becoming verbalizable. While anatomical maturation 
may have a role in the emergence of these behavioral landmarks, 
it does not guarantee their emergence, or they would emerge in 
the deaf as well as in the hearing and in the culturally disadvan- 
taged as well as in the culturally advantaged (unless one insists 
in the face of the accumulating evidence that cultural retarda- 
tion and poverty derive from heritable abilities), Rather, it 
appears that these landmarks emerge through long-term and 
repeated encounters with certain kinds of problem circum- 
stances. These problem circumstances presumably produce a 
cognitive dissonance that forces accommodative modifications in 
the operational structures of intelligence and in the constructions 
of reality. While Piaget’s observations and theoretical interpreta- 
tions tell us all too little about these circumstances, they do 
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strongly suggest that these circumstances must be information- 
ally relevant to that which the child has already stored, be 
somewhat novel but not too strange, and sufficiently complex to 
call for some elaboration of the child’s operations yet not call for 
elaborations beyond his accommodative limits. In other words, 
Piaget's observations suggest what I have elsewhere called the 
problem of the match” (Hunt, 1961, pp- 267-288; 1965b, pp. 
226-231). From the fact that we still lack instruments appropri- 
ate for the diagnosis of children’s informational and operational 
levels, I have elsewhere urged that the best cues for an appro- 
priate match of circumstances and child are the evidences of 
spontaneous interest and surprise (Hunt, 1966, pp. 131-132). 


Doors opened by a giant 


Piaget's stature as the giant of developmental psychology, then, 
resides less in what he has completed, much as it is, than in the 
many beginnings his many observations and his theoretical inter- 
pretations provide. These observations and theoretical interpre- 
tations not only figure heavily in the resurgence of and the new 
look of developmental psychology but also impinge, as I have 
tried to indicate above, on almost every aspect of systematic 
Psychology. They have helped to extend the domain of learning, 
and they open doors to the investigation of the effects of circum- 
Stances in new ways. They summate with other evidence to de- 
lineate the nature of an intrinsic system of motivation inherent in 
information processing and action, and, although he did not 
interpret them himself, Piaget's observations suggest the outlines 
Of the developmental epigenesis of this intrinsic system of moti- 
vation. The stages that Piaget has described in intellectual devel- 
pment have already stimulated an abundance of informative 
investigations, While the evidence from these investigations ap- 
Pears to call for some changes in Piaget's interpretive account, 

ing the door to a new 


is account also has the merit of oper £ 
aPproach to assessing psychological development and to testing 


intelligence. Finally, despite the fact that Piaget has been uncon- 
cerned with the nett of the circumstances that induce learn- 
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ing, his notions of disequilibrium and accommodation suggest a 
new view of what in the organism’s encounters with circum- 
stances brings about the accommodative modifications in the 
structures of behavior and thought that constitute learning. 
Moreover, his observations suggest, interest and surprise are 
the behavioral cues required for the investigation of the rela- 
tionship between children’s intellectual development and envi- 
ronmental circumstances that is the prerequisite to a theory of 
instruction. Anyone who has opened so many doors to the future 
is the giant of his age, not only in developmental psychology but 
also in general psychology. 
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Formal and Functional Aspects 
of Cognitive Development 


JOHN H. FLAVELL 
JOACHIM F. WOHLWILL 


The aim of this essay is to present some tentative ideas and opin- 


ions regarding the nature of cognitive development. These ideas 
and opinions are, as the reader will quickly note, distillates from 
the recent and burgeoning literature 07 cognition, language, and 
their ontogenesis. In particular, the seminal work of Jean Piaget 
and of those who have taken up his ideas has influenced our 
thinking at every turn as, indeed, they must profoundly influence 


anyone in our era who thinks about cognitive development. 
itive or otherwise, must 


. Any account of development, cos? 
Peak to two interdependent aspects of the developmental pro- 
Cess: formal and functional. The formal aspect has to do with the 


morphology” of the process: the sorts of cognitive entities that 
mak ts of development and how these 


é ake up the successive outpu qe 
ntities are causally temporally, and otherwise interrelated. The 
À d be regarded as 


Ormal-morphological face of development coul à 
for us this phrase is not in 


it ce 
rs merely descriptive” face, although : 
r least pejorative in this context. The other aspect, sometimes 
istinguishable from the first only by the most strenuous efforts 
67 


68 THEORETICAL PERSPECTIVES 


at discrimination and abstraction, has to do with function and 
mechanism: the activities or processes of the organism, somehow 
specified in relation to environmental inputs, by which it in fact 
makes the cognitive progress that has been formally character- 
ized. As a prelude to discussing the formal side, we shall sum- 
marize a bit of recent history concerning not cognitive, but lan- 
guage development, with a promise to show its relevance subse- 
quently to our broader topic. 


Preliminary considerations 


The study of cognitive development, in the light of recent 
trends in developmental psycholinguistics There has recently 
been a minor scientific revolution in the field of language devel- 
opment. Prior to the present decade, researchers in this field had 
models of the output and of the process of language develop- 
ment, both models frequently implicit rather than explicit. The 
model of the output was, to oversimplify slightly, an adult who 
had at his disposal: (1) a large vocabulary of words he could 
pronounce, perceive, and decode correctly, classifiable by an 
observer into the traditional gross syntactic categories of noun, 
verb, adjective, etc. (2) an ability, simply stipulated rather than 
analyzed, to concatenate these words into sentence strings the 
structure of which was also describable (although not often de- 
scribed) in traditional, grammar-book ways (McCarthy, 1954). 
The model of the developmental process that yielded such an 
output was essentially an accretional, quantitative one, tacitly or 
expressly derived from contemporaneous learning theories. Thus, 
language development was seen as a gradual but uniform process 
of getting the appropriate items into the repertoire: of approxi- 
mating the adult phonology phoneme by phoneme; of acquiring 
vocabulary word by word; of producing sentences of one-word, 
then two-word, then three-word length, and so on. 

The rest of the historical narrative is far more difficult to de- 
scribe briefly, and we shall highlight only what we shall later 
wish to use. The “new wave” in psycholinguistics (Chomsky, 
1957, 1965; Katz, 1966; McNeill, 1966) also offers both an out- 
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put and a process model for language development, but they are 
radically different from their predecessors. The model of the 
output is a complex device that includes as part of its equipment 
a finite set of rules by which it can, in principle (see below), 
generate all and only the infinite number of grammatical sen- 
tences in its native language. This system of rules that charac- 
terizes the adult’s abstract knowledge of the structure of his 
language is referred to as his linguistic “competence,” and is iden- 
tical to a formal grammar of that language. This model of lin- 
guistic “competence” is not equivalent to a psychological theory 
of the adult’s actual linguistic “performance” in real situations 
(i.e. as speaker or listener), although it would have to bear an 
intimate and complex relationship to any models of the latter 
kind that were devised. For example, the competence model does 
not represent the psychological operations involved in actually 
Processing and interpreting à sentence heard, although it does 
represent the grammatical knowledge that must be prerequisite 
to performing these operations. In particular, various factors on 
the performance, «psychological-hardware,” side may impede or 
distort the application of the abstract knowledge represented 1 
competence. For instance, memory limitations may lead us to fail 
to understand or to misunderstand a long complex grammatical 
Sentence, distraction or affective factors may Jead to the produc- 


i i. The 
tion of grammatically aberrant sentences, and so on 
i akin to the familiar but 


competence istinction is 

ice-performance distincti 

often-f É istincti learning and performance: to 
-forgotten distinction betwee? 

: ie ation need not be 


Say that someo : do À in a given situ 
j ne failed to do A 1 j 
“veli to saying that he was fundamentally incapable of 
oing A, i ituati in any other. , 
aara p ar a | is less well articu- 


The model for the of acquisition 
process : i 
lated, but runs roughly like this. Language development is anal 


gous to the process of scientific discovery: The = is oe 
dowed by the model with an innate representation © the or 
characteristics that all human languages have m ane Se 
linguistic universals” at all Jevels) and oran aie n 
Potheses, derived from this innate representation, a on % bi e 
Structure of the specific language to which he is expose È e 
the scientist, his search for structure is an active process of hy- 
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pothesis formation, test, and confirmation /disconfirmation: also 
like the scientist, the particular hypotheses he entertains are 
selected from the set of possible ones by his preexisting mental 
structure, in this instance a structure biologically specialized for 
extracting grammatical rules from linguistic samples. Thus the 
linguistic input he receives “controls” his linguistic development 
only in the weak sense that it provides the necessary data for 
hypothesis testing. Exponents of this rationalistic theory of lan- 
guage development point to worldwide uniformity in the ages at 
which language development is begun and completed, despite 
what must be wide variation in the amount, quality, and kind of 
linguistic input children receive during this period. 

This model of the process leads the student of language devel- 
opment to new and different research objectives, objectives 
scarcely definable within the previous theoretical “paradigm 
(Kuhn, 1964). He may be led, for example, to study the order of 
emergence of the various components of the adult grammar—the 
successive stages (“pregrammars”) in the child’s discovery of the 
specific rules that define linguistic competence in his native lan- 
guage. He may also try to theorize about the role that develop- 
mental changes in performance capabilities (e.g. memory span) 
may play in determining the sequence and timing of these 
emergents. What he will not do, manifestly, 
matical development in terms of such variabl 
the new output model—as sentence length. 

We think that there are lessons to be learned from what has 
recently happened in the field of language development, lessons 
which those interested in cognitive development would do well 
to heed. The first is that one’s conception of how development 
proceeds is constrained by one’s model of wha 
yields, and that changes in the out 
changes in the process model. It st 
that our image of the formal and functional aspects of any gene- 
sis must be shaped by our image of the nature and kind of en- 
tities it is thought to yield as successive outcomes—as “precipi- 
tates,” if you will, of the ontogenetic process. The obvious 
implication is that we should be as precise and explicit as the 
state of the science permits about the cognitive makeup of the 


is describe gram- 
es—irrelevant for 


t this development 
put model necessarily imply 
ands to reason, in other words, 
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child at various critical points in his development (and of the 
adult end product of this development) before constructing a 
model of this evolution. Needless to say, no one is going to await 
the Compleat Output Model before making guesses about devel- 
opment. On the other hand, we should at least avoid develop- 
mental pretheories that, for want of a careful prior analysis of 
what the outputs would have to be like in general, describe the 
development of a patently nonhuman cognizer. In effect, the pre- 
1960 work on language development conveyed just such an 
impression, and this same problem may still be a significant one 
in present-day thinking in the area of cognitive development. 


The competence-automaton distinction A second lesson cen- 
ters on Chomsky’s distinction between competence and perfor- 
mance. A group at the University of Minnesota Center for Re- 
search in Human Learning (Donald J. Foss, Terry G. Halwes, 
James J. Jenkins, and Robert E. Shaw) is currently working on 
an approach to theory construction in psychology that, among 
other things, further elaborates this distinction. These psycholo- 
gists argue that a psychological theory that accounts for complex 
behavior will have two principal components: a competence 
model, which is a formal, logical representation of the structure 
of some domain (e.g. the abstract rules for generating grammati- 
cal strings in some language); an automaton model (an elabo- 
rated version of what Chomsky apparently meant by perfor- 
mance”), which represents the psychological processes by which 
the information embodied in competence actually gets accessed 
and utilized in real situations. The competence model gives an 
abstract, purely logical representation of what the organism 
knows or could do in a timeless, ideal environment, whereas the 
automaton model has the job of describing à real device that 
could plausibly instance that knowledge or ee — it 
Within the constraints (memory limitations, rapid per ormance, 


z ate. A competence 
etc.) und < I s actually oper 
à r human being 
ecah bu ons, for example, would be some 
> 


model fo i ati 
r mathematical oper? . A 
fragment of mathematics. Such a model says m a 
about the actual mechanisms hum beings uti = Hee se 
these operations, nor could it tell us anything abou e variables 
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(within the organism or the task) that facilitate or impede this 
performance. A parsimonious representation of all the psycholog- 
ical variables relevant to executing what is “known” in compe- 
tence is the ultimate objective of the automaton component of 
the theory. Note that the competence model is far from being a 
superfluous entity within the system; without it, the theorist 
could not define the theoretical objectives of his psychological 
(i.e. automaton) model—he would not know what the model 
was to be a model of. 

This distinction between competence and automaton. perfor- 
mance may turn out to be quite useful in thinking about 
cognitive-developmental phenomena. Consider the following, by 
no means hypothetical, situation. Suppose children of different 
ages are tested extensively for their ability to make transitive 
inferences, e.g. X < Y together with Y < Z logically implies 
X < Z. Assume further that the following three subjects are identi- 
fied in the course of the investigation. Child A (age four) never 
shows anything remotely resembling transitive inference, regard- 
less of how the test situation is structu 
gator is unable to make him unde 
through brief training or prompt 
indisputable evidence of reasoning in this fashion on some tasks 
but not on others, Attempts at training on the latter tasks are 
partially successful, although the child continues t 
or misapplies, the rule in some of the more co 
Child C (age 14) correctly applies the rule, without 
ing, in virtually every problem given him. An an 
competence-automaton terms “parses” 


red. Moreover, the investi- 
rstand this pattern of reasoning 
ing. Child B (age eight) gives 


the same sense that it could be said that a two-year-old had not 
yet acquired a particular grammatical transformation, In con- 
trast, the inclusion of a transitivity rule in the 
description is mandatory in the case of C and 
the case of B. The difference between B and C 
a difference in the automaton/performance 


competence 
also, we believe, in 
is best assigned to 

system, i.e. the 
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machinery by which the subject transforms the task data into 
suitable coded form, accesses and utilizes the functional equiva- 
lent of the transitivity equation, and so on. The approach sug- 
gests that, if we knew more about psychological processes and 
about this subject, we could identify rather precisely the vari- 
ables that determine whether or not his rule—“his” in the sense 
of its being in his competence system—can be accessed and used 
in a given situation. We would want to describe B as really 
“having” the transitivity rule in some sense, but unable to gen- 
eralize or transfer it to all tasks for which it is an effective solu- 
tion procedure, His limitations as regards transfer and general- 
ization, and the lack thereof in the case of child C, are both to be 
explained with reference to the automaton rather than compe- 
A competence-automaton approach does not 
ble capacity difference between 
t it is not the same kind of 


tence component. ° 
ignore or underplay the undenia 
B and C, but it wants to assert tha 
difference as that which distinguishes A and B. It goes without 
Saying that problems of developmental diagnosis do not sud- 
denly vanish with the advent of a competence-automaton analy- 
sis. For one thing, there is the recurrent and very thorny problem 
of just what to write into the competence system—a problem 
that will surely prove even more troublesome in cogntive devel- 


pment than it has for psycholinguistics. Our only claim is 
that the distinctions that this analysis wants to capture are real 
Ones, and that it may give us new and fruitful ways of looking at 


traditional problems in cognitive-developmental theory. 
Our position, then, is that an analysis of cognitive develop- 
ment must be guided by some conception of what this develop- 


ment successively precipitates, and also that any such conception 
competence-automation distinc- 


Would do well to incorporate à 
tion. The aim of this paper is not to offer a theory of outputs, but 
instead to present some ideas regarding development itself. 


and detailed analysis of the kinds of 
their intellectual skills effectively 
s. The “structural,” “arbitrary,” and 
tances be interpreted as reflecting 
ther than actual lacunae in the 


an interesting 


o 
Donaldso 1 
n (1964) has made à tu beled 


e Meulties children encounter in tryin 
« Dear on the solution of various problems 
executive” errors she notes could in many ins 
shortcomings in the automaton component ra 


child’s competence. 
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Nonetheless, it would be appropriate to preface the latter with a 
very brief account of what we think such a theory ought to be 
like, since our convictions here have helped to shape our devel- 
opmental views. 

We believe that an abstract competence description of what 
the child knows and can do, at any level of maturity, will be an 
extremely long and complicated affair. Correspondingly, the 
automaton model that represents how this knowledge is actually 
stored, accessed, and utilized by a real human subject will have 
at least as much complexity of structure and function as the most 
powerful and flexible computer system presently imaginable. 
Any competence-automaton representation of developmental 
outputs less rich than this seems certain to be incomplete at best 
and wrongheaded at worst.” Simple models just will not do for 
human cognition, regardless of their seeming advantages in re- 
gard to explicability and operational definition. Pursuing the 
computer analogy, intellectual development is essentially a 
matter of ontogenetic change in the content and organization of 
highly intricate “programs,” the nature of each program strictly 
determining what gets inputted from the environment (and from 
memory storage within the child) and how that input gets dealt 
with intellectually. 

What sorts of contents and characteristics will have to be at- 
tributed to these programs? The crude taxonomy given below is 
inadequate and should not be taken as a serious organizational 
scheme, but it does convey some of the things we have in mind. 

Of paramount importance is a very large and ill-bounded 
category containing the child’s “stored information” about self 
and world. Included here are the many fundamental concepts 
and rules the genesis of which Piaget and others have so well 
described: the early concept of object permanence and the later 
conservations; the concepts of class, relation, number, measuring 
unit, proportionality—the list could be extended almost endlessly. 


° We suspect, in fact, that the cognitive-developmental theorist of the future will 


need to be well trained in computer simulation lore, in addition to possessing 


good intuitions about how children think. Our ideal would be a combination of 
Herbert Simon and Piaget, with perhaps a bit of Chomsky added for writing the 
competence model! 
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Also, to be included is information of a somewhat more nebulous 
and nonspecific kind: for instance, that other minds exist and 
that this fact implies a multiplicity of cognitive-perceptual per- 
spectives; that there is an appearance-reality distinction—that 
the world, like language, has both a surface and a deep struc- 
ture; and that the game of thinking follows certain rules, involv- 
ing notions of logical implication, noncontradiction, proof, law- 
fulness, and the like. The information in the child’s program can 
be as specifiable as a concrete concept and as ineffable as a per- 
vasive world-view. An adequate model of what he is and has at a 
given point in his cognitive growth must somehow take account 
of both kinds of information. 

Also to be specified is the manner in which the child’s infor- 
mation is represented and organized. As to representation, Piaget 
has contrasted sensorimotor and symbolic modes, and Bruner 
(Bruner, Olver, & Greenfield, 1966) has recently distinguished 
among enactive, ikonic, and symbolic forms of representing the 
child’s knowledge. Any adequate output model must specify 
both what the child knows and the manner in which that knowl- 


edge is represented. As to organization, Piaget’s structural mod- 
lattices) constitute virtually the 


els (his groupings, groups, and A 
only available suggestions as to how cognitive elements might be 
interrelated at each level of development. S 

Finally, the program must incorporate the child’s innate and 
acquired procedures for extracting, processing, and utilizing in- 
formation of both the permanently-stored and the presently- ` 


inputted variety. The outcome of a cognitive encounter with the 
partly a function of what the 


environment is never more than 
subject knows and of how that knowledge is represented and 
organized. It also depends upon his ability to deploy and mam- 
tain selective attention, tO organize perceptual elements into 
intellectually suitable form, to transport information (and just 

ory storage in an effi- 


the right information) to and from mem 
cient fashion, and so on. Skills of this type—what might be 


termed the “handmaidens of the mind”—also show considerable 
alteration with age and must also figure importantly in models of 


development’s products. 
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Two traditional questions about the form of 
development 


There appear to be four basic questions or issues regarding the 
formal as opposed to functional properties of cognitive growth. 
The four issues are closely interrelated, and positions taken with 
respect to any one tend to constrain reactions to each of the 
others. Two of them are briefly discussed in the present section: 
are developmental changes essentially qualitative or quantitative 
in nature, and do such changes tend to take place abruptly or 
gradually? These two questions have been posed many times in 
the history of the field, and we think that their repeated resur- 
rections (Werner, 1957) attest both to their substantiveness and 
to their lack of satisfactory resolution. The remaining two— 
concerning developmental sequences and the problem of stages 
—are relative newcomers on the scene, and owe much of their 
present salience to Piaget’s theoretical and research accomplish- 
ments. Moreover, they appear to be richer and more interesting 
questions than the traditional ones, and will accordingly be 
discussed more fully here. Our discussion of the two traditional 
questions is, in fact, meant to serve primarily as context-setter 


and preface for a more extended treatment of sequence and 
stage. 


QUALITATIVE CHANGE 


The issue here is whether the successive products of the 
cognitive-developmental process differ from one another qualita- 
tively, ie. in kind, or only quantitatively, i.e. in degree or 
amount on one or more dimensions. The kind of position one 
takes on this issue determines, among other things, whether one 
is likely to espouse a stage-sequential model of development, 
such as Piaget’s. Since the qualitative-differences position rather 
than the alternative appears to assert something positive about 
the nature of development, and seems to offer hope of interesting 
theory-building in this area, the burden of proof has generally 
been on those who wish to claim that it is true. 
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The position has a weaker and a stronger form. The weaker 
one asserts that there exist some changes, of prima facie impor- 
tance, which are undeniably “qualitative” in any usual meaning 
of that term. The stronger one asserts that all cognitive- 
developmental changes are best construed as changes in kind 
rather than degree or amount. There now appears to be over- 
whelming evidence that the weaker version of the position is 
true; Piaget’s data alone show an abundance of convincing exam- 
ples. The difference between sensorimotor and symbolic- 
representational modes of coding experience, for instance, could 
hardly be characterized as a mere difference in “degree” or 
“amount” of coding. The difference between inference-based and 
perception-based reasoning in a conservation task is also a clear 
instance of a qualitative change. Notice that an assertion of 
qualitative differences is a claim only about the formal relation- 
ship between two cognitive processes; as Werner (1957) has 
pointed out, it does not imply anything about other kinds of 
relationships that may hold between them. It does not, for 
example, say whether the transition from the earlier to the later 
process was gradual or abrupt, complete or incomplete, and the 
like. The specification of these relationships is, of course, an 
important task for the developmentalist (see below), but it 
should not be confused with the question of whether the two 
intellectual “programs” in question are oF are not qualitatively 
distinct. | | l 

The stronger version of the qualitative-differences hypothesis, 
on the other hand, is surely false. There are innumerable true 
statements about cognitive growth that have a straightforward 
quantitative-change character. The question is rather whether any 
such statements are interesting OY “theoretically revealing to the 
developmentalist, as qualitative-change assertions almost invari- 
ably are. For example, the statement that the number of concepts 
available to the child grows as he grows 1S certainly true, but is far 
less interesting than, say, the statement that the child begins to 
acquire and use formal operations at a certain age. While we 
doubt if any quantitative-change findings could ever have quite 
the allure of qualitative ones, there may be some that are less 


trivial-looking than that cited above. 
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For example, suppose a child at a certain point in his develop- 
ment acquires a new strategy for remembering a string of digits, 
e.g. he now tries to group them by threes whereas earlier, let us 
say, he did no deliberate grouping at all. It is probable that the 
number of digits he could recall would continue to augment dur- 
ing the next several years, even supposing he always utilized that 
strategy and no other. Thus, while really continuing to do the 
“same thing,” from a qualitative standpoint, the child gradually 
comes to do it better and better. Perhaps the grouping operation 
becomes progressively quicker and less effortful; perhaps it be- 
comes more resistant to distraction or other interferences, or 
perhaps the number of items (grouped or ungrouped) that he 
can hold in short-term memory simply increases somewhat as a 
consequence of neurophysiological growth during that period of 
years, 

This kind of relationship between quantitative and qualitative 
aspects of growth may hold rather generally: qualitative-looking 
changes in the childs mode of representing reality, in his 
problem-solving strategy, and so on; quantitative-looking 
changes in the operational efficiency, flexibility, mobility, and 
such like, of each of these emergents during all or part of its 
developmental life. There are ontogenetic stretches during which 
some segment of the child’s intellectual program changes only 
quantitatively, at the parameter level, and other stretches during 
which that segment actually alters its basic character, setting the 
stage for renewed quantitative change. Perhaps the relation be- 
tween the two forms of change goes even deeper than mere 
temporal alternation. Maybe the quantitative development that 
an emergent undergoes is for one reason or another a necessary 
precondition for the advent of its successor. In fact, we read 
Piaget as implying this in his assimilation-accommodation- 
equilibration model of cognitive development (Flavell, 1963, pp- 
49-50, 244-249). 


ABRUPTNESS 


Two issues have to do 


with the temporal aspects of cognitive 
development. One concer 


ns the temporal order of acquisitions, in 
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particular whether some or all developmental emergents appear 
in a fixed and invariant sequence for all children. We shall take 
up this major issue in the next section. The other concerns the 
rate at which development proceeds, and particularly whether 
the rate speeds up (or slows down) at certain points. Thus, there 
has been a question as to whether cognitive evolution is abrupt, 
or saltatory, characterized by spurts of intellectual growth, or 
whether instead it is gradual throughout its span. Alternatively, 
it has been asked whether this evolution is typically “continuous” 
or “discontinuous” in nature.® This question about developmen- 
tal tempo appears to have two rather different forms. 

It can be asked whether a given process—comprising only one 
segment of the child’s total cognitive system—will evolve and 
proliferate rapidly once its evolution has begun. Within our con- 
ceptual framework, this version of the question might be para- 
phrased as follows. Once some cognitive algorithm (an inference 
rule, say) has finally entered the competence system, how rap- 
idly does it become reliably available to the subject throughout 
its domain of application, ie. the set of tasks or problems for 
which it is adaptive? Or more simply, what is the typical interval 
of ontogenetic time between the first, tentative and limited 
but—we shall stipulate—genuine instance of a given cognitive 
form and its period of generalized availability? The recent Piaget- 
ian literature strongly suggests that development is normally 
gradual rather than abrupt in this sense. The conservation con- 
cepts, to take everyone's favorite example of a cognitive form, 
seem to show a rather extended interval between first-in- 
competence and always-in-performance. The process of stabiliza- 
tion and generalization of these and perhaps all competence 
items appears to be a relatively slow and gradual one; we shall 


° While all of the traditional lexicon for describing development tends to be 
imprecise, “continuity-discontinuity” is a particularly bad offender. In addition to 
its connotation of abruptness of change, “discontinuity” seems also to imply: (1) 
that the change is qualitative rather than quantitative, (2) that the newly devel- 
Oped process extinguishes and replaces its predecessor (the transition lacks the 
continuity” that would have obtained if, say, the new process had incorporated 
the earlier one into itself). Although entrenched in the literature, this antonym 
Pair is best avoided when trying to be clear about the formal properties of 


Cognitive development. 
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attempt to characterize the typical course of such a process in 
our discussion of the stage concept. Assuming that this is so, 
does it attest to a fundamental inertia in the developmental 
process, or does it only mean that the child’s everyday school 
and home environment is educationally inefficient. Would it be 
possible, in fact, to reduce the above-mentioned interval by 5 
very considerable amount if only we were apprised of and coul 
institute the proper environmental inputs? This is, of course, a 
very old question about intellectual development, and a wey 
important one. Obviously one cannot ever prove that a drastic 
reduction in interval is impossible, because the number of yet-to- 
be-tried input patterns will always be indefinitely large. Our in- 
tuition nevertheless tells us that such a reduction is most 
improbable—that cognitive development, like physical growth, 
cannot be accelerated beyond certain fairly tight limits, however 
well-designed and intensive the educational program.° This 
question, too, will be taken up again, in our concluding section 
on the functional aspects of development. 

Notice that what has just been said does not concern the prior 
transition from not-in-competence to first-in-competence. How 
should this transition be conceptualized, and should it be con- 
strued as abrupt or gradual in nature? We cannot at present offer 
any very illuminating suggestions on this matter. One possibility 


is that the typical competence item (rule, operation 


) one would 
be interested in is actually 


an integrated combination of several 
subitems. The subitems might individually enter the system 
quite abruptly, but in staggered order over an extended period of 
time. From the standpoint of their eventual inte 
competence item could be said to have shown 
emergence; from the standpoint of the sep 
acquisition could be said to have h 
be “gradual” in a certain sense. 


gration, the 
a relatively abrupt 
arate sub-items, its 
ad an extended course, i.e. to 


° This position reflects no animus 
alone against education as 
believe that some manipul 


against educational-psychological research, let 
a developmental force, First, we are quite prepared to 
ation of the interval is always possible and often de- 
sirable. And second, we do not believe that accelerating cognitive development is 
the only or even the most important educational objective. The object of educa- 


tion, to our mind, is to produce some desired kind of adult, not at first but at last, 
not the “fustest” but with the “mostest.” 
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There is a second sense in which cognitive development could 
be characterized as “abrupt,” “saltatory,” “discontinuous,” and 
the like. There might be certain periods, as contrasted with cer- 
tain other periods, in which development somehow seems to take 
a giant step, irrespective of the rapidity of transition from first-in 
competence to always-in-performance. We might want to say 
that a relatively large number of new cognitive skills enter com- 
petence at about the same time at a certain point in ontogenesis, 
or that cognitive acquisitions of particular importance emerge 
then. The impression of a growth spurt here does not derive from 
the rapidity with which components stabilize and generalize, but 
rather from the fact that a number of components evolve at the 
same time, or that what develops is especially conspicuous or 
noteworthy. The major episodes of transition in Piaget's develop- 
mentology come to mind: the movement from sensorimotor intel- 
ligence to representational intelligence, from preoperations to 
concrete operations, and from concrete operations to formal 
ones. The transition from preoperations to concrete operations 
has received considerable attention in this respect, and many 
would agree with White (1965) that something very important 
happens to the child’s cognitive program between five and seven 
years of age. How accurate is such a picture of cognitive 
developments—one of peaks and troughs, of alternating periods 
of greater and lesser change? It is partly a matter of value judg- 
ments, of course. If we agree that the acquisitions that typically 
occur during one ontogenetic period are more sr magia EA 
tant, far-reaching, or whatever than those of another period, then 


such a picture is “accurate” by consensus. There is a more inter- 


: à : Ve wonder how much the 
esting consideration here, however. We won 


current picture of uneven development owes to our ama 
knowledge or, if you prefer, our current s paea a a 
based on Piaget’s theory and research which properly and inevi- 
tably, have been highly selective with regard to methods used 
and phenomena studied. We should not be at all surprised to 
find some future theorist making an excellent case for the simply 
momentous cognitive changes that take place, say, during the 
three- to five-year-old span. Since his discoveries would not 
likely gainsay the hard core of Piagets accomplishments, the 


2 «6 
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outcome would be that an apparent unevenness across one seg- 
ment of childhood is effectively reduced. Developmentalists 
would then say that some very important things happen between 
three and five and that some other things, quite different but 
equally important, happen between five and seven. We have 
already given as our opinion that development is typically not 
very saltatory as regards the transition from first-in-competence 
to always-in-performance for a single component. We would add 
here that it will also probably appear less and less saltatory in 
the sense under discussion as the gaps in our factual knowledge 
about cognitive growth are gradually filled and as new theories 
emerge to compete with present ones. 


Sequential patterning of cognitive structures 


The other major question regarding the temporal aspects of 
cognitive development is: Do some or all cognitive acquisitions 
enter the child’s repertoire in a constant, invariant sequence, or 
does their order of attainment vary from child to child, within or 
across cultures. It must be said at the outset that no general and 
definitive answers can be given to this question at the present 
time. In the first place, it is most unlikely that the field has yet 
identified all the cognitive acquisitions, or even all the important 
ones. In the second place, there are difficult measurement prob- 
lems in establishing invariant versus variant sequence for those 
acquisitions that it has identified. Probably the most unambigu- 
ous way to state that two acquisitions A and B invariably emerge 
in that order for all children is to say that A 
petence before B does. But inferences about competence can be 
made only on the basis of overt performance, and we have al- 
ready discussed the problems involved in making such infer- 
ences. Any tests used to diagnose the presence of A and B as 
competence items will necessarily ent 
tum of automaton “noise.” Depending 
such noise in the two tests, one migh 
neously, that B invariably precedes 
for some children and B-A for others. 


always enters com- 


ail a hard-to-assess quan- 
on the relative amounts of 
t be led to conclude, erro- 
A, or that the order is A-B 
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Although, as we have said, substantive answers to the se- 
quence question cannot yet be had, it is possible at least to make 
a preliminary analysis of the question and to make some plausi- 
ble guesses about the answers. To begin with, it seems to us that 
sequential variance or invariance should be regarded as only a 
symptom or indicator of something far more important, namely, 
the kind of functional relation that holds among the acquisitions 
in question. If it turns out that A precedes B in everyone's devel- 
opment, there must be a reason for it, and this reason may be 
found in the kind of connection obtaining between A and B, or 
between each of these and other developmental events. Simi- 
larly, if the A-B temporal order keeps permuting from individual 
to individual, this fact could also reflect the nature of the rela- 
tion linking the two acquisitions. Table 1 shows the principal 
kinds of functional relations that may hold between any two 


, and also the temporal relations (variant 


cognitive acquisitions 
ay be 


versus invariant order of emergence) that we think m 
associated with each. Let us examine each row of the table in 


turn. 


Table 1 Corresponding Functional and Temporal 
Relations for Pairs of Cognitive Acquisitions 


PR aa 


Type of Relations 


a 


FUNCTIONAL TEMPORAL 
None or Remote Variant ° or Invariant 


Substitution Invariant (?) 


Implicative Mediation Invariant 
Nonimplicative Mediation Variant or Invariant 


simultaneous acquisi- 


° “Variant” includes the possibility of A-B and B-A. 


tion as well as the two possible sequences 


None or remote This category refers to the case where A and 
B are unrelated or very distantly related, e.g. linked only via a 
long series of intervening acquisitions. It is no surprise that order 
of emergence may be variable from individual to individual in 
such instances. All one needs are two acquisitions whose group 
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mean ages of attainment happen to be roughly equal; some indi- 
viduals will likely attain them in the order A-B, some in the 
order B-A, and some will attain both at about the same time. 
The child’s initial version of some political concept (e.g. his first 
coherent image of the President) and the attainment of number 
conservation might be a case in point: roughly synchronous 
acquisitions, functionally unrelated or remotely related, and 
order of emergence variable from child to child. 
It is less obvious but equally true that for certain As and Bs in 
this category the acquisitional sequence may be strictly invari- 
ant. Thus, for instance, Piaget's secondary circular reaction 
surely enters every child’s repertoire before the concept of cor- 
relation does, but this fact would not lead one to infer much of a 
functional relation between the two.° In such cases there is, of 
course, a reason for the sequential invariance, but the develop- 
mental psychologist will likely find little profit in uncovering it. 


Substitution The following is the par 
stitution, At some point in development, 
tive item that is utilized in a certain class 
later time, B enters the repertoire and gr 
functions, effectively substituting for A in 
thermore, A and B are formally unrelated; their only similarity 
lies in the fact that they apply to the same domain. Hence, there 
is no sense in which one could say that B incorporates A, is an 
extension or elaboration of A, and so on. A is not typically (and 
perhaps not ever) banished completely from the repertoire with 
the advent of B. It remains as a potential substitute for B and 


° This example illustrates a distinction between w 
versus “weak” sequential inv: 


adigmatic case of Sub- 
A emerges as a cogni- 
of situations. At some 
radually preempts A’s 
these situations. Fur- 


hat we might call “strong” 
ariance. À sequence is strongly invariant if it is both 
universally present and universally fixed in the childhoods of undamaged human 
beings. For instance, we imagine that all intact human infants achieve primary 
and tertiary circular reactions, and achieve them in that order only. A sequence is 
weakly invariant if, when present, it is universally fixed. One may be able to find 
children who do not attain A, or B, or both; but for all children who do attain 
both, the order of attainment is the same. For example, individuals in a certain 
culture may never achieve any kind of naturalistic view of the nature of 

or never grasp the concept of correlation, or both, and yet the 
Sequence of these two notions may be the same for 
culture, perhaps—who do in fact acquire both. 


dreams, 


acquisitional 
all individuals—in another 
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may be actualized under certain conditions, e.g. fatigue, distrac- 
tion, or other regression-inducing circumstances. 

Many of the cognitive-developmental changes that mark the 
transition from preoperations to concrete operations appear to fit 
this paradigm. One would hardly say that the four-year-old’s 
perception-dominated approach to conservation and other prob- 
lems is incorporated into the eight-year-old’s inferential ap- 
proach (as, for example, concrete operations are incorporated 
into formal ones); rather, one mode of solution is simply dis- 
placed by another, quite different mode. Similarly, the young 
child’s moral and causal concepts do not form a part of, or lead 
to (except temporally) the qualitatively different concepts in 
these domains that he will subsequently form; again, fhe: oie 
seems to be simply that of replacement or substitution. In these 
and other instances of substitution, it is probable that the earlier 
form coexists with the later one in a state of suppression and 
may reassert itself from time to time under Se 

Is it the case for all A-B pairs related by Laine yon 
their order of emergence is invariant across individuals? W . me 
pect that it is at least weakly invariant for all pairs, biit as rar 
1 implies, we are not sure. The invariance is most e v 
B corresponds to the adult cognitive item. For oan i D 
be most implausible to find a child who began with m e ra i 
based conservation and in later years replaced ewit cy and 
based nonconservation. On the other hand, two pry] jr 
Bs (both eventually replaced, say, by some wp be Men and B. 
ceivably emerge in the sequence A-B for some mai 
A for others. 


ar more constructive role 
ative and Nonimplicative 
The following is the 


Implicative mediation A plays à i 
vis-à-vis B in the case of both Implica 
Mediation than was true for Substitution. First, A develops 
model of an Implicative Mediation relation. ns | f B alwa a 
Sooner or later thereafter, B develops. ae ur se a ar 
and necessarily implies the exercise of A, because ia ton he 
or subset of B by definition. It is, of course, quite oan d this dg 
child to be capable of A but not yet capable ot Be = si low. 
presumably the case for some period of time during his develop 


86 THEORETICAL PERSPECTIVES 


ment. However, it is logically impossible for him to be capable 
of B and incapable of A, because A is literally reenacted when- 
ever B is utilized, together with whatever other conceptual 
ingredients go to make up B. An A of this kind plays a pa 
developmental role, not only because it is itself a new anc 
presumably useful addition to the repertoire, but also because it 
constitutes an insufficient but decidedly necessary condition for 
the acquisition of B. 

This kind of relation between pairs of acquisitions should be 
of particular interest to the developmental psychologist for two 
reasons. Instances of this relation are both numerous and impor- 
tant. For example, concrete and formal operations are linked in 
just this way. Providing one accepts Piaget’s characterization of 
what these operations consist of, it is logically possible for the 
child to be capable of the former and incapable of the latter, but 
not conversely, Formal operations are supposed to take the 
products of concrete operations as their objects, and hence pre- 
suppose the capability to exercise these operations. Similarly, 
preoperations presuppose the attainment of the capacity to sym- 
bolize (Piaget’s “symbolic function”); the ability to multiply or 
coordinate two relations presupposes the ability to apprehend 
the two relations individually; the representation of class hierar- 
chies implies the ability to represent a single class; and so on and 
on. It is clear that to ignore logico-developmental relations of 
this sort is to ignore a very substantial portion of our subject 
matter. 

The existence of these relations poses something of a conun- 
drum for the developmental psychologist, however. We are ac- 
customed to thinking of ourselves as students of nature, not of 
logic, and we seek to discover, rather than reason out, the devel- 
opmental connections between acquisitions. If somebody pre- 
dicts that a pair of acquisitions A and B emerge in a fixed and 
invariant order for all children, our immediate inclination is to 
want to test the prediction empirically. In the case of acquisi- 
tions linked by Implicative Mediation, however, it is hard to see 
the justification for any kind of empirical test. 

This problem of when to test for sequential invariance and 
when not to has arisen in at least one actual investigation, Dr. 
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Ellin Kofsky carried out her dissertation study (1966) on the 
development of classification skills, under the supervision of 
Flavell. Her particular interest was to establish the developmen- 
tal order of acquisition of a number of these skills by means of 
scalogram analysis. For some pairs of skills, the question of order 
of emergence was very definitely an empirical one; while there 
might have been a well-reasoned hypothesis that the sequence 
would be such and such, it was clearly not logically impossible 
for the hypothesis to be wrong. Other pairs, however, seemed in 
retrospect (unfortunately not in prospect) to be of just the kind 
under discussion. For example, she tested the prediction that 
children would acquire the ability to group two like objects 


together before they acquired the ability to recognize that such 
groupings should be exhaustive, i.e. that each and every object 
possessing the common attribute should be put in the same 
pile—none should be left apart 


and unclassified. But it now 
seems clear that no empirical data could possibly contradict this 
hypothesis, because being 


able to think of putting all the red 
objects on the table together in a pile log 


ically implies that one 
can think of putting some of them together, while the converse 
does not hold. Any empirical d 


eviations from this logically nec- 
essary sequence have to be attributable to measurement error or 
other difficulties. 

We do not hold, of course, that As and Bs tied together in this 
peculiar fashion are of no interest to the student of cognitive 
development. Their existence in the ontogenetic stream is as real 
as their relation is logical, and hence they must be included in 
the developmental story. However, testing “hypotheses” about 
sequential relations in such cases does seem to be an unprofitable 
exercise where the investigator is sure that the relation is of this 
type. Fortunately for the empirically minded, not all As that may 
serve as developmentally productive antecedents to Bs are logi- 
cally necessary antecedents, as We shall now show. 


n This refers to the situation where 


the advent of some A may help mediate the subsequent acquisi- 


tion of some B, but where this mediative role is not assured, as in 
the previous case, simply from the definitions of A and B. Unlike 


Nonimplicative mediatio 
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the case with Substitution, one can see how A really could be a 
constructive force in the evolution of B; but unlike the case with 
Implicative Mediation, one can also entertain the possibility of 
B’s developing independently of A. For example, Piaget has sug- 
gested that the growing ability to multiply or to coordinate 
height and width relations plays an important mediative func- 
tion in the child’s acquisition of conservation of liquid quantity. 
This hypothesis is plausible, in the sense that one could specify 
the way in which this ability might serve as an important bridge 
to the conservation concept. At the same time, its validity could 
be doubted and, indeed, it actually has been (Bruner, Olver, & 
Greenfield, 1966, Ch. g). | 

À wide variety of Nonimplicative Mediation patterns is possi- 
ble, depending upon the nature of the acquisitions in question. 
The hypothetical pattern most reminiscent of Implicative Media- 
tion is the following: A invariably precedes B in ontogenesis and 
equally invariably assists in its construction. It might be the 
case, for example, that while coordination of rel 
cally necessary to the attainment of quantity conservation, all 
children do in fact acquire them in that order and do in fact 
make use of the first in attaining the second. Assuming that 
universal sequences of this kind were to be discovered, how to 
account for them? 

One might try to explain them by appeals to universally 
shared experiences, commonalities in the environmental inputs to 
all growing humans. If such experiences could insure the univer- 
sal acquisition of A, one need only add the assumption that chil- 
dren are constructed in such a way that they will automatically 
make use of that which is useful, i.e. since A can mediate B, it 
will eventually be so utilized by children. Thus, a young human 
mind operating on the “species-typical environment” will inevi- 
tably acquire A, so the argument goes, and this same mind will 
then inevitably use A to get B. This argument carries with it the 
implication that the A-B sequence is not biologically necessary, 
and that it might be possible to achieve B by a different route 
through suitable modifications in the environmental inputs. The 
alternative possibility is that the A-B sequence is somehow rooted 
in human cognitive embryology, and that drastic modification of 


ations is not logi- 
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the environment might prevent the acquitision of B, but it could 
not effect a B that was unmediated by A. Asking why the child 
invariably achieves A before B would then be akin to asking why 
his nervous system develops as it does, or why he always acquires 
milk teeth before adult dentition. 

There may be certain pairs of acquisitions, on the other hand, 
for which the sequence is less fixed and the mediative connection 
less universal. One conceivable pattern is that in which a certain 
A is invariably used to help mediate a certain B whenever it is 
acquired before B, but in point of fact it is not acquired before B 
in all developmental histories. Alternatively, it may not invari- 
ably serve this mediative function even for those children who 
do acquire A first; that is, only a subset of these children utilize 
A in this fashion. Both of these patterns imply that the B in 
A but can also be mediated other- 
wise, i.e. there exists some X (or Xs) that can serve as a develop- 
mental surrogate for A. There could be yet another pattern that 
subsumes these two, a pattern in which A and B play reciprocal 
developmental roles: A will (for some or all children) mediate B 
if A develops first, and B will (for some or all children) mediate 
A if B develops first. Something like this reciprocal arrangement 
might exist even inside a single skin: a child begins to make 
progress on one of the two acquisitions, this progress helps to 
mediate a beginning on the other, and so on back and forth, 
leading eventually to the mastery of both. | | 

These manifold possibilities can also be exemplified in terms of 
the conservation example. Some children may acquire the ability 
to coordinate relations prior to acquiring the conservation concept, 
and some may not. For those who do, this ability may help to me- 
diate the concept in all cases or only in some. Those who do not 
attain the concept via the coordination of relations can do so in 
some other fashion, perhaps by making use of their knowledge 
that no liquid has been added or subtracted during the pouring 
operation. Of those children who achieve conservation before co- 
ordination, some or all may utilize the former in the acquisition of 
the latter. And finally, some children may achieve them more or 
less synchronously, each developmental increment in the one 
(either one) mediating increments in the other. 


question can be mediated by 
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It is apparent that the definition of Nonimplicative as opposed 
to Implicative Mediation allows for a wide range of logically 
possible A-B patterns, and the interesting question is whether 
any or all of them actually hold true in real ontogenetic histories. 
Their existence would imply that there can be alternative devel- 
opmental paths to a given cognitive product, and that children 
may not all acquire the same things in the same way (Flavell, 
1966). Such flexibility in potential means could conceivably be 
highly adaptive for our species, given all the individual variation 
in its members and in their life experiences which obtains. A 
diversity of ontogenetic routes might thus be plausible as well as 
possible, and empirical probes for the existence of these several 
patterns might accordingly be a worthwhile research venture. 


In this section we have discussed the question of developmen- 
tal sequence from the standpoint of the various functional rela- 
tions that may hold between cognitive acquisitions, since, pre- 
sumably, these relations account for the sequences found. Of the 
four types of relations described, Substitution, Implicative Medi- 
ation, and Nonimplicative Mediation are obviously of greatest 
interest, and it may be worthwhile to make a brief additional 
examination of the similarities and differences among these 
three. It appears that sequences related by Implicative and 
Nonimplicative Mediation are the real locus of developmental 
progress, with Substitution pairs constituting a kind of pheno- 
typic reflection of this progress. If B replaces A à la Substitution, 
how shall this fact be explained? As we have seen, A cannot 
itself explain or account for the B that eventually substitutes for 
it. Rather, the explanation must lie in the acquisition of some- 
thing else (singular or plural) that is capable of playing this 
constructive role. This something else—call it A’—must then be 
related to B via Mediation, it seems to us. Thus, while substitu- 
tions do mirror the fact of developmental progress, they do not 
directly mark the essential ingredients of this progress. If an 
inferential strategy for coping with a conservation problem 
comes to replace a naive-perceptual one, we know that cognitive 
progress has been made, but we do not know what other devel- 
opmental happenings made the inferential strategy available to 


the child. 
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The stage concept and its role in cognitive 
development 


The meaning and significance of the developmental-stage con- 
cept The problem of stages of development has been discussed 
at length in the literature, but without any real agreement as to 
the status to be assigned to this concept, or the criteria that 
might enable us to tell a stage when we see it. The most ex- 
tended consideration of this question, in a symposium specifi- 
cally devoted to it (Osterrieth, et al., 1955), brings out above 
all the great diversity of uses of the term and of opinions as to its 
value and applicability to different aspects of development. 

Most typically, the stage concept is invoked to refer to a mode, 
pattern, or constellation of behaviors (or dispositions towards 
behavior) that seems to characterize some definable period in 
the child’s life, be this period specified in terms of chronological 
age (with the resultant difficulty of taking individual differences 
in rate of development into account) or in terms of its position in 
a sequence. The expression, “The stage of infancy, would exem- 
plify the former, while “the crawling stage” would illustrate the 
latter use. , 

This immediately brings us to one of the chief questions to be 
raised with respect to developmental stages, namely the range of 
behavioral responses that they are intended to encompass. De- 
pending on the answer given to this question, stage Tay NAY 
from a purely descriptive term specifying a particular response 
or form of behavior appearing at a given time to a convenient 
though equally descriptive shorthand standing for a wide array 
of behaviors that appear at approximately the same point in the 
life span. The two examples just given also serve to illustrate the 
narrowly specific (“crawling stage”) as against the highly non- 
specific (“stage of infancy”) poles of this dimension of gener- 
ality. 

We suggest that somewh 
stage concept reaches its op 
that it has reference to a 
interrelated, whether by wa 


ere between these two extremes the 
timal level of generality, in the sense 
diversity of behaviors that are still 
y of certain structural relationships 
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that bind them together or by some common behavioral or func- 
tional core. In either case the degree of generality of the behav- 
ior referred to invests the stage concept with a status clearly 
transcending the purely descriptive level and approaching more 
closely to the level of explanation identified with the hypotheti- 
cal construct. 

This point is well illustrated in the Freudian use of the stage 
concept. Thus the “oral stage” refers to a constellation of separa- 
ble responses implicating the zone of the mouth. This concept is 
most effectively exploited in its application to adult behavior, 
where it may refer to response tendencies as varied as a pen- 
chant for ice cream cones, a habit of chain smoking, or an incli- 
nation to engage in vociferous argument. 

It is apparent, then, that at such intermediate levels of gener- 
ality the postulation of a stage can serve to unify a set of other- 
wise quite disparate and seemingly unrelated behaviors or traits, 
much as the postulation of a mysterious force called “gravity 
brought an underlying unity into a most diverse set of phenom- 
ena in physics and astronomy. To the extent, furthermore, that 
such an array of behaviors appears (or disappears) at the same 
time during development, the stage concept can help account for 
this temporal unity. For instance, if we say that little Johnny has 
started masturbating because he has reached the phallic stage, 
this statement escapes circularity, both because his assignment 
to that stage can be determined from or verified by other related 
behaviors (curiosity about the sex organs and the birth process, 
sex play in nursery school), and because on the basis of his prior 
passage through the anal stage we would predict him to be in 
the phallic stage at this time. 

This conception of developmental stage is particularly perti- 
nent to the field of cognitive development, notably as formulated 
by Piaget; in his system this unifying aspect constitutes in fact 
one of the criteria of the stage concept. 


Stage as a structurally defined entity The explanation of the 
central place that this aspect of the stage concept occupies in 
Piaget’s system touches on a fundamental property of cognitive 
development itself, which any viable theory in this area must 
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recognize. Harking back to the competence-automaton distinc- 
tion invoked in the first part of this paper, it is apparent that any 
attempt to handle the problems of cognitive development that 
leaves room for the competence component must be couched in 
structural terms, that is, involving recourse to constructs such as 
and the like that transcend particular 
in handling the child’s develop- 
tion skills, we require constructs 
h the child organizes an array of 


objects or stimuli into a set of categories, to switching mecha- 


nisms by which he shifts from one such rule to another, to nested 


structures enabling him to deal with subordinate-superordinate 
e constructs then permit an 


class relationships, and so on. Thes 
analysis of the child’s development with respect to these various 


kinds of skills, be they manifested in sorting Or matching-from- 


sample tasks, in the solution of matrix problems, in spontaneous 
clustering in free recall, or in responses given to Piaget’s class- 
inclusion questions. 

The considerable achievement of Piaget is that he has pro- 
vided us with a system or model of intellectual development that 
not only affords a basis for conceptualizing children’s behaviors 
in cognitive tasks in such generalized structural terms—as illus- 
trated in his concept of “concrete operations” —but also delin- 
eates the process of cognitive development as a series of succes- 
sive approximations to these structures. Let us look at this 


matter in more detail. 
Piaget’s “concrete Oper 

ings,” representing forma 

all of these are equally 


rules, programs, operations 
overt responses. For instance, 
ment in the area of classifica 
referring to the rules by whic 


ations” consist of a set of eight “group- 
] quasi-logical structures Or rules. Not 
meaningful or relevant to behavior 


(Flavell, 1963; Wohlwill, 1966a); for purposes of illustration we 
shall select one of the more useful ones, that concerned with 
class multiplication. À child who possesses this structure in his 
repertoire (i.e. whose program includes rules necessary for han- 
dling multipleclassification problems) should be able to solve all 
of the following types of tasks: sorting, oddity-discrimination, 
matching-from-sample Or concept-induction problems entailing 
multiple cues; class-intersection problems; and matrix problems 


such as the Raven. 
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To the extent that tasks as diverse as those just cited are 
handled in an equivalent fashion by a child, to the extent, that is, 
that the stages of cognitive development do indeed exhibit this 
unitary character that Piaget has designated by his term, “struc- 
tures d'ensemble,” we require structural constructs of the 
concrete-operations type, linking diverse task behaviors, to con- 
struct an adequate competence-model of the child’s intellectual 
development. This point seems to be too readily ignored by those 
who are tempted to chuck Piaget’s apparatus of logical and quasi- 
logical structures overboard, on the grounds either of the incon- 
sistencies and contradictions in the system of logic he employs, 
or of the apparent lack of parsimony of these constructs for the 
interpretation of the child’s overt behavior. To paraphrase Vol- 
taire’s dictum concerning the deity: if there were no such struc- 
tures in the mind of the child, we should have to invent them, to 
account for the degree of consistency and orderliness that we do 
find in his cognitive development. 

Just how far does this consistency extend? Empirical investiga- 
tions of intertask consistency in performance have, to be sure, 
not always revealed the kind of close correspondence between 
success or failure on structurally equivalent tasks on the part of a 
given child that Piaget’s system appears to demand, and that he 
has explicitly postulated on many occasions. Both at a theoreti- 
cal and an empirical level, however, the picture is a good deal 


more complex than a simple verdict of “case unproven” would 
indicate. 


The problem of the transition period There are 
reasons, in fact, that empirical tests of the intertask 
hypothesis implied in Piaget’s use of the stage concep 
come to grief. Were we to limit ourselves to childr 
either well below the stage (e.g. deeply entrenched 
Stage of preoperational thought) or in whom the stage had al- 
ready become firmly established (e.g. a group of preadolescents, 
on the threshold of formal operations), such consistency would 
be virtually a foregone conclusion: the child would either fail or 
succeed across the board, though occasional exceptions to the 
latter might occur as a function of lapse of attention, difficulties 


very good 
consistency 
t are apt to 
en who are 
in the prior 
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at the information-processing level, and so forth. It is only dur- 
ing the period of transition from one stage to the next, therefore, 
that the consistency question becomes empirically interesting. 
Thus the strongest version of the intertask consistency postulate 
would be that the child’s responses on a set of interrelated tasks 
undergo changes during the course of his development in a 
strictly synchronous fashion. Yet, upon closer examination, such 
a postulate is paradoxically revealed as quite implausible, and it 
is hardly surprising that data bearing on it should have turned 
out negatively for the most part. 

Let us note, first of all, that Piaget has placed a quite unneces- 
sarily heavy burden of proof upon himself, by stipulating that 
all of the various concrete operations (ie. all of the several 
groupings) develop in unison. There appears to be no reason 
that the structures d'ensemble could not be looked at as a family 
of separate structures, each following its own developmental 
timetable. While this would clearly delimit the scope of the con- 
cepts invoked and would require the specification of stages in 
more limited terms, referring to particular structures, a consider- 
able degree of unifying power could be retained, as shown above 
with respect to the multiplication-of-classes case. 

But even restricting ourselves to a single grouping, or domain, 
we can expect to find departure from intertask consistency dur- 
ing the transition period. For it is precisely during this period m 
which the newly emerging structures are in process of formation 
that the child’s responses may be expected to oscillate from one 
occasion to the next, to be maximally susceptible to the effects of 
task-related variables, and accordingly to evince a relative ab- 
sence of consistency. Piaget has given implicit recognition to this 
circumstance: he has provided for a stabilization phase, in which 
newly formed structures are undergoing consolidation, as one of 
the features of the formation of a stage, and he has proposed his 
concept of horizontal “décalages” to account for differentials in 
performance, relating to the particular content of a task or toa 
variety of situational variables. In the context of his system, 
these notions represent purely ad hoc constructs. It is possible to 
look at them, however, as referring to aspects of the automaton 
side of the model, concerned with the mechanisms for coding 


96 THEORETICAL PERSPECTIVES 


and processing information, rather than with the reasoning pro- 
cess as such. As we shall show below, this may enable us to take 
such differentials into account more systematically and effec- 
tively, while staying within the overall framework of Piaget's 
structural system. 

It is apparent from the foregoing analysis that to deal with the 
facts in this area, and in particular with the interrelationships 
among structures and performances during the period of transi- 
tion, a considerable extension and elaboration of Piaget’s model 
will be required. We shall attempt to sketch the outlines of such 
an extended model presently, in which, incidentally, the notions 
of transition and consolidation of stages will be invested with 
new meaning. To set the stage for this effort, it will be useful to 
consider first a pioneering study on this problem by Nassefat 
(1963), which brings out in an illuminating fashion the depen- 
dence of intertask consistency on the stage-stabilization and 
-consolidation process. Indeed, in spite of certain severe limita- 
tions of a statistical nature, this ambitious investigation stands as 
a model of the approach to research required to shed light on the 
manner in which stage-dependent behaviors become established. 
It will thus repay us to examine it in some detail. 


The Nassefat study Nassefat’s research concerns the transi- 
tion from concrete to formal operations in the age period from 
nine to thirteen years. He selected 150 Ss in this age range, and 
administered to them a set of 48 items, falling into six domains, 
dealing with both concrete and formal operations (e.g. probabil- 
ity problems, problems involving the lever principle, conserva- 
tion of volume, and so on). For each item a number of different 
response categories were empirically set up into which the re- 
sponses were classified; the number of such categories varied 
from a low of 2 (equivalent to Pass-Fail) to as many as 20. Each 
item was classified as Concrete (C) or Formal (F), in terms of 
the operations assumed to be required for adequate perfor- 
mance; roughly one-third of the items were, however, assigned 
to an Intermediate (1) category, based on ambiguities or incon- 
sistencies in the responses actually given by the Ss. The response 
categories for each item were subsequently combined, and fur- 
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ther collapsed to form a four-point ordinal scale, representing 
different levels of performance in regard to the sorting out of 
relevant from irrelevant information, combined with failure 
versus success in the inferences that the child drew from the 
pertinent information. 

The analysis of the data proceeded along a series of fronts. 
Having first demonstrated the validity of the ordinal response 
scale as a measure of developmental level attained on a given 
item (the taus for the association between response type and age 
level were for the most part highly significant), Nassefat turned 
to an analysis of the scalability of the data in the Guttman sense, 
based simply on dichotomous, Pass-Fail response measures. 
Scalability was assessed separately for each age level and for 
each of the three item categories (C, I, and F) in terms of both 
Green’s index of consistency and Loevinger’s index of homogene- 
ity. Restricting ourselves to the former, we find consistency 
generally highest at the age level at which the discriminative 
power of each item category is maximal, i.e. at age nme for the C 
items, at age eleven for the I, at age twelve for the F. (Actually, 
the consistency of items in the F category never exceeds .25, 
apparently reflecting the fact that even at the oldest age level 
only a minority of Ss passed them.) a N 

The interesting feature of this scalogram analysis is that it is 
used, not for the usual purpose of establishing a developmental 
sequence (since the analysis is carried out separately for each 
age level), but rather to determine the degree of homogeneity, 


ie. unitary dimensionality, characterizing a particular item 
domain. The assumption is that the acquisition of the requisite 
g out such dimensionality— 


mental structures is essential to brin : Avani AGO 
just as, in measuring attitudes concerning a given opic, Te- 


sponses on a Guttman scale should prove scalable only for 
respondents who had formed a set of crystallized and articulated 
attitudes toward that topic. Nassefat regards this progressive 
homogenization of the item domain as one of the signs of the 
stabilization of the stage reached by the child; for the C items, 


this is already present at the youngest age level included in the 
ace the process of acquisition of concrete 


study (nine years), sil A 
operations is in general completed by that time; conversely, for 
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the F items, it is clear that the homogenization is still far from 
complete at age thirteen, i.e. the stage of Formal Operations is 
still in process of elaboration at the oldest age level included. 

Nassefat points to other evidence, partly from interrelations in 
the responses to items within a category, in support of his con- 
cept of the transition period as one during which performance 
across formally equivalent tasks becomes progressively more 
consistent. The discrepancy between these correlational analyses 
and the scalability data belies the interpretation he gives 
them as representing equivalent measures of the degree of stabi- 
lization or homogenization of a stage. Nevertheless, if the data 
can be taken at face value (and it must be admitted that serious 
difficulties of a statistical nature arise with respect to Nassefat’s 
treatment of the data, both in the scalability and in the correla- 
tional analyses), they seem to fit into an enlarged framework 
within which the changes occurring during the process of the 


child’s transition from one stage to the next may be encom- 
passed, 


A general model for the analysis of the formation of stages of 
intelligence Let us distinguish at the outset between two deter- 
minants of the child’s performance in a cognitive task: A, the 
rules, structures, or “mental operations” embodied in the task, and 
B, the actual mechanisms required for processing the input and 
output. (The correspondence of these two entities to the 
competence-automaton distinction 


discussed previously is 
apparent.) 


We may now specify three parameters that jointly determine a 
child’s performance: P,, the probability that the operation will 
be functional in a given child; P,, a coefficient applying to a 
given task or problem, and determining whether, given a func- 
tional operation, the information will be correctly coded and 
processed; and k, a parameter expressing the weight to be at- 
tached to the P, factor in a given child. P, and k are thus param- 
eters characterizing a particular child at a given age level, 
while P, characterizes a particular item or task. Let us examine 
these parameters more closely. 


P, reflects the degree to which a given operation has become 
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fully established in a particular child. The assumption here is 
that, during the period of transition from preoperational to 
operational thought these structures have a probabilistic charac- 
ter, appearing now in evidence, now absent. This view may seem 
to run counter to the abruptness or discontinuity position fre- 
quently identified with respect to Piaget’s concept of stages, but 
the fact is that his Stage IL phenomena abound with instances of 
children’s vacillating between conservation and nonconservation, 
or between an intuitive and an operational concept of length, for 
example. This uncertainty and instability, which is convincingly 
illustrated in many of the protocols to be found throughout 
Piaget’s books, may be expressed in terms of a value of P, chang- 
ing from o in the preoperational period to 1.0 when the opera- 
tion has become established. 

P,, according to our model, is an attribute of the task. It rep- 
resents the likelihood for any given task that the operation, if 
functional, will in fact be called into play, and its end product be 
translated into the desired output. The value of this factor may 
also be expected to vary between o and 1, depending on a host of 
factors related to task-difficulty: the stimulus materials and their 
familiarity, the manner of presentation of the relevant informa- 


tion and the amount of irrelevant information from which it has 


to be abstracted, the sheer magnitude of the information load 
h the problem, the role played 


placed on the child in dealing wit 
by memory and sequential processing of information, and so on. 
(See Aebli, 1963; Smedslund, 1966, for more detailed treatments 

ably, this factor is 


of the role of these variables.) Thus, presum | 
rizontal décalages that we find not only in 


responsible for the ho 
but also in much Piagetian research gen- 


Piaget’s own studies, 
erally. 


Yet the influence of these task-related variables itself varies 


with age. For the average five-year-old the likelihood of success 
in placing a set of 10 stimuli in order of size may be considerably 
smaller than it would be for only 6 stimuli, for instance, whereas 
for a ten-year-old there may be little difference. This is the 
reason for introducing the parameter k, or more particularly its 
complement, 1-k, as a power to which P» is to be raised. The 
parameter is intended to express the weight that the P, corre- 
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sponding to a particular task carries for a given child, depending 
on that child’s ability to abstract the information required to 
utilize a particular operation, and to code and process informa- 
tion generally. For the sake of simplicity, we shall assume that k 
varies from o, at a relatively early phase of the establishment of 
an operation, to an ideal of 1.0, when the stage has become fully 
consolidated; accordingly, the influence of P,, when raised to 
(1-k), should be expected to decrease progressively over this 
period. 
We may now write the equation 


P(+) =P, x P,** 


to show the probability of a given child, characterized by particu- 
lar values P, and k, solving a task with some particular value of 
P,. The course of the formation of a new cognitive structure may 
accordingly be described in terms of a four-phrase process: 


Phase 1: In the initial phase, Pa = o, i.e. the child, lacking a 
given operation, must fail all of the problems demanding that 
operation. This corresponds clearly to Piaget’s stage of preopera- 
tional thought (designated as Stage I in his writings ). 


Phase 2: In this transitional stage, P, changes from o to 1.0, 
while k is assumed to remain equal to o, or close to it. (This 
would seem to be a reasonable assumption, not only because the 
role of situational and task-related variables would be expected 
to be maximal during the period in which the operation is still in 
process of becoming established, but also because the abstrac- 
tion of relevant information is necessarily dependent on the 
establishment of the operation.) Thus P(+) =P, x P,. This 
means that for the most part, during this phase, the child will 
still fail most tasks based on the operation; for instance, if P, = 
‘5 (e.g. in the middle of this phase), and for a task of medium 
difficulty for which P, = .5, then P(+) = .25. Thus in terms of 
any criterion of operational-level responses, the child at this 
phase must still be considered preoperational. He should, more- 
over, manifest the kinds of oscillations and intermediary forms of 


reasoning characteristic of this transitional period, which Piaget 
designates by I-A and II-B. 
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Phase 3: This is the period of stabilization and consolidation 
of the operation, which has now become functional, i.e. P, = 1.0. 
At the start of this period, however, success will still vary with 
the demands placed on the subject by the particular task, i.e. the 
value of P, for that task. During the course of this phase the 
contribution of this factor progressively decreases, i.e. 1-k de- 
creases from 1.0 towards an ideal state of o. This would seem to 
correspond most closely to the stage designated by Piaget as 


III-A. 


Phase 4: This is the terminal phase of univocal success, in 
which P, = 1.0 and k = 1.0, i.e. S is able to bring the operation 
to bear on the problem successfully, regardless of the situational 
and task variables involved. In practice one may presume that k 
always falls somewhat short of 1.0, even at the most advanced 
levels: but unless P, is very low (i.e. task difficulty very great, as 
in a task of ordering a series of tones, for instance), the net result 


will still be an expectation of success, P(+), close to ao. 
Perhaps the most arguable aspect of the above model concerns 


the distinction proposed between Phases 2 and 3. Why not 
onal stage in which P, and k are 


simply postulate a single transiti 
be that when all the data are in, 


changing concomitantly? It may 
view. Yet both conceptual 


this will be the most parsimonious 
al findings compel us to distinguish 


clarity and certain empirica 
between the stabilization of the intrinsic components of the stage- 
ect) and the changes in 


related operations (the competence aspect} : 
the child’s ability to apply these operations to a particular 
content. t 


such as latency, the value of 1-k will remain 
be in line with the findings of Suppes, Hyman, 
a mathematical model based on information- 
formance on a variety of arithmetic 
as a strong indication that error data 


alitatively different from those for the latency 


° It is likely that for measure 
considerably higher. This would 
and Jerman (1966), in applying 
processing considerations to children’s per 
problems, In a number of instances there w: 
gave rise to functions that were qu 
data. ; 
Fin this respect, a comparison between our model and that proposed by Aebli 
(1963), who has similarly concerned himself with the role of task-related vari- 
ables, may be illuminating. Aebli reduces the level of functioning of the operation 
demonstrated by a child to a joint multiplicative function of a variety of such 
variables (number of elements in the task, complexity of me stimulus: shale 
number of cues available, and so on). Thus one obtains, falsely it would seem, a 
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First, Phases 2 and 3, as we have described them, seem to bear 
more than an accidental relation to Piaget’s Stages II and III-A, 
thus strengthening the case for treating them as part of an 
ordered sequence. Second, the evidence adduced by Nassefat 
that a set of stage-related items goes through a period of low 
homogeneity before attaining maximal scalability seems to pro- 
vide one instance of the separability of Phases 2 and 3 (recall 
our discussion of the meaning to be attached to Nassefat’s 
scalability data, based on the role of task-related variables). A 
study by Uzgiris (1964) investigating the development of con- 
servation of substance, weight, and volume for three different 
types of materials, between Grades 1 and 6, also gives evidence 
of Phase 2 periods during which intercorrelations for performance 
with the different materials go into relative decline. 

Third, a number of instances can be cited that bear out the 
reality of Phase 3 phenomena, in which the requisite operations 
appear to have come into existence, but are variably functional, 
depending on the demands for information-processing that the 
task places on the subject. These are the many instances of 
décalages, e.g. the acquisition of conservation of number under 
changes in length of the rows of elements befo 


subdivision of a single pile of elements into t 
(Winer, 1966); 


re it is shown for 
wo or more piles 
the understanding of transitivity for A < B, 
B < C before it appears for A < B, C >B (Glick & Wapner, 
1966); the precedence of success in copying a sequence of beads 
from a “necklace” pattern onto a straight line, over that found 
for the same task when the model sequence forms a figure eight 
(Lovell, 1959). 

Several major points remain to be resolved, 
definition of Pa, Pa, and k. As concerns P 
how broadly shall w 


eter will be assume: 
treats the stage of ‘ 


in regard to the 
a the question arises: 
e define the domain over which this param- 
d to apply? As pointed out earlier, Piaget 
“concrete operations” as an integrated, unitary 


picture of the level of the child’s performance that can be raised or lowered at 
will according to the n 

own cognitive develop: 4 e is no room in this model for 
the structural relationshi i 

picture of a progressio 
model. 
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whole, i.e. a set of structures d'ensemble. But we also noted that 
there was little basis, on either empirical or theoretical grounds, 
for the assumption made by Piaget that all of the component 
operations comprising this stage develop in unison. The most 
profitable approach, therefore, would seem to be to let P, refer 
to a particular rule or operation, e.g. class-multiplication, and to 
study each of these separately. 

One of the consequences of this restrictive conception of P, is 
that it forces us to distinguish between two kinds of horizontal 
décalages: those due to the automaton aspects of the cognitive 
process, that is, to the differential difficulties of the information- 
processing requirements of structurally equivalent tasks (e.g. 
conservation of discontinuous versus continuous quantity ), and 
those relating to the competence aspects, ie. to a differential rate 
of formation of the structures themselves—as in the apparent lag 
of transitivity behind conservation (Smedslund, 1964). It is 
apparent that only the first of these décalages can be handled by 
our model. 

What about the second type? Here we come back to the 
earlier discussion of sequential relationships. In particular, it 
seems likely that many of the A> B sequences discussed under 
the heading of Nonimplicative Mediation represent cases of rela- 
tionships among structures considered by Piaget to be formally 
equivalent and thus to emerge synchronously, but which in fact 
develop in a staggered sequence, due to the mediating role that 
one plays in the process of the formation of the other. An alter- 
native situation is represented by the two-way relations, A sB, 
where A appears to mediate B in some children, while the re- 
verse is true for others. These will not, of course, give rise to 
décalages, but only to randomly distributed deviations from 
intertask consistency in the study of structures an, process of 
formation. They will obviously remain the most difficult to han- 
dle in a systematic account of cognitive development, for to do 
so one would need to have a basis for predicting which of the 
alternative courses any given child will follow. Perhaps We shall 
have to make allowance for a certain degree of indeterminacy in 
the study of cognitive development, brought about by such in- 


stances of vicarious mediation. 7 
The second question to be disposed of concerns the definition 
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of P,, and its dependence on or independence of subject-related 
variables. We have tried earlier to give meaning to this param- 
eter, in terms of the “cognitive strain” placed on the subject in 
dealing with the information-processing aspects of a problem, 
independently of his level of development, and to indicate 
denotatively some of the types of variables included under this 
heading. Yet it would be idle to pretend that we are able, at this 
time, to offer a fully satisfactory operational definition of this 
parameter, for to do so would require a complete account of the 
various task-related variables influencing the child’s perfor- 
mance. 

Furthermore, the probability of a child’s meeting correctly the 
information-processing demands of a problem is surely a joint 
function of the problem and of the child who is tackling it. Is 
this interaction adequately represented by the parameter k? It 
must be admitted that the psychological meaning of this param- 
eter is not specified in very simple terms; on the one hand it 
refers to information-coding and -processing ability generally, 
while on the other it refers to the ability to abstract the informa- 
tion that is relevant to a particular operation, and is thus depen- 
dent on the establishment of that operation. For instance, in a 
conservation-of-number situation, the child with a low value of k 
may succeed, as long as the elements whose number is to be con- 
served remain as discrete, discriminable elements under the 
transformation (e.g. a change in the length of the rows of a set 
of chips). On the other hand, if the elements lose their identity 
under the transformation (e.g, placing the chips in a vertical 
pile), focusing on the relevant information, that is, on the number 
of elements, may become too difficult to maintain, and conserva- 
tion will be lost. 

A further question is whether it is reason 


able to attribute to k 
the status of a constant, over- 


all type of tasks. It may well be, for 
instance, that through training or experience, or conceivably 


even as a function of purely endogenous factors, some children 
may be better able to process information for one type of prob- 
lem, while others will find some other type easier. If so, it would 
mean that k will have to be defined relative to a particular 
domain or type of information-processing problem. But in prac- 
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tice it would be difficult in any case to compare or equate the 
values of P, for items from very disparate domains, on any ex- 
cept a purely pragmatic basis (e.g. how would one compare the 
increase in difficulty due to the addition of elements in a seria- 
tion task with that represented by a shift from a provoked to an 
unprovoked number-conservation problem?). It might be noted 
that this restriction on the generality of P, and k is approxi- 
mately on a par with that mentioned earlier for P,. 


Unity of stages reexamined Finally, let us reexamine now, in 
the perspective of the model that has been presented above, the 
meaning of the stage concept itself, and in particular the unity-of- 
stages question. We have seen this concept recede in importance 
as a profitable source of empirical investigation on the problem 
of developmental stages, since this property could be taken for 
granted in children who had fully acquired it and would rarely 
be expected to apply during the period of transition. | 

This property of developmental stages is thus of limited sig- 
nificance as a source of empirically testable hypotheses; nonethe- 
less the concept of structures d'ensemble remains of both theo- 
retical and empirical consequence, in the sense that it provides a 
standard against which the progress of a child along the road to 
the establishment of the stage can be gauged. This is implicit in 
our four-phase conception of the transition and stabilization 
process, which considers consistency in performance across tasks 
as an ideal end product, and suggests the changing nature of the 
inter-task relations to be expected over the course of the devel- 
opment of the stage. , i : 

Specifically, the picture with respect to the interrelationship 
among operationally equivalent tasks now shapes up as follows: 
In Phase 1 there is failure across the board; correlations may 
thus be expected to be low, for lack of variance. During Phase 2, 
correlations should be low, due to the oscillations and inconsis- 
tencies in response implied by intermediate values of P,. To- 
wards the end of this phase and the beginning of Phase 3x CONS 
tency should become more apparent, with items with equivalent 
P,’s being passed about equally often, and with items with 
discrepant P,’s exhibiting a Guttman-type pattern. Finally in 
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Phase 4 (the terminal phase) there is success across the board, 
so that inter-item correlations should again drop to near zero. 

This formulation, incidentally, points up the need for studies 
such as Nassefat’s and Uzgiris’s, in which, rather than being 
lumped together over an extended age range, these interrelation- 
ships are studied separately within fairly narrowly defined age 
groups. This may be seen more concretely in the Appendix to 
this paper, which presents a reanalysis of Uzgiris’s (1962, 1964) 
original data, based on the individual Ss’ response patterns. This 
analysis provides convincing evidence of the appropriateness of 
the four-phase sequence of stage formation that we have pre- 
sented. However, the most satisfactory approach for the investi- 
gation of the process of the formation of a stage remains, of 
course, the longitudinal one. 

The focus on stage as a set of structurally related entities also 
serves to place into proper perspective attempts to induce this or 
that individual concept experimentally, or through some short- 
term experience. Since this problem forms the subject of the 
concluding section of our paper, suffice it here to point out that, 
according to Piaget’s view, and any similar structurally oriented 
conception of cognitive development, it is a far cry from the 
acquisition of a single concept, such as conservation of continu- 
ous quantity, to the elaborate network of concepts that mark the 
attainment of the stage of concrete operations. 


Functional implications 


In the many discussions and debates that have dealt with one 
aspect or another of Piaget’s work and theoretical system, no 
topic has given rise to more vociferous argument than the ques- 
tion of the basis for the changes observed to take place in the 
reasoning processes of the developing child, i.e. the mechanisms 
of cognitive change. 

This problem is clearly far too vast to allow us to provide a 
thorough treatment of it within the confines of this paper. We 
shall content ourselves with bringing out some of the main 
implications that we see emerging from our previous discussion 
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of the development of cognitive structures for these functional 
questions of process and mechanism, and with pointing out some 
of the major limitations and shortcomings of the approaches that 
are current in research on these questions. 

There are three major points to be brought out. They relate, 
first, to the competence-automaton distinction itself; second, to 
the stage concept and its structural characteristics; and third, to 
the character of the transition and stabilization phases through 
which cognitive structures in process of development pass. 

In regard to the first point, it seems possible to differentiate 
between approaches that have focused on the automaton side 
and those that have tried to alter the child’s cognitive system at 
the competence level. Among the first we would include the 
various attempts that have been made to neutralize irrelevant 
cues in a conservation task, e.8: Braine and Shank’s (1965) 
approach, aimed at enhancing the child’s differentiation between 
appearance and reality at the linguistic level, and — 
techniques such as utilized by Frank (Bruner, ‘Olver, & ee 
field, 1966), designed to shield the child from biasing percep aia 
cues. Among the second type, directed at the ae ja 
itself, we have training in reversibility judgments ‘ atk à 
Sprott, 1964) and addition-and-subtraction Re us liy 
number of investigators), aimed at inducing Conserven i 
ing for class-inclusion by intermediary of practice La G ch 
intersection (Morf, 1959): and possibly approaches involving the 
learning of rules, such as used by Beilin (1965). £ course, prove 

Either of these types of approaches | oes are propos- 
successful in a given instance, put the distinctio 


i i differences in the basis 
A s thé ay be important 
=f leon et mt In the first case we would argue 


ith one of two kinds of effects. We 

i eration at 
may have children who have already acquired the operation 
anal ail to apply it in the given situation. 
The effect of the training, then, would be to oe aa toe 
the operation, as it were, “stri — ne Erte 
in its path,” allowing for ™ nee oe" 
ee et eh as realy equal 
crease the value of k, and thus render P (+ 
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to P, ie. to unity.) Alternatively we may geet age ep 
dren who mel cena io f the training is 
operation; for these, we would argue, the wie x r in 
to produce only the semblance of a true operation, Er Don 
latter’s resistance to extinction or generalizability pa pie 
cept may be learned as an empirical rule or fact, wit pon set: 
P, materially closer to 1.0). Thus, since the child's med etal 
system will not have been affected, the learning wines a — 
Prove readily extinguishable, and show little transfer. 7 — ne 
of the observed findings in this area seem to be inconsisten a 
this interpretation, although the information required to est 

ish i idity i ki in most instances. s 
ee be pea a second case, in which the child’s opera- 


tional system is attacked directly. What is the basis for the learn- 
ing effects that are to be observ 


that the methods employed in 
practice in a concept or operati 
the one to be acquired via a 
Mediation, either of the uni- 
repeated success of such appro 


ed here? It is interesting to note 
these situations generally entail 
on that is presumably related to 
relationship of Nonimplicative 

or the bidirectional variety. The 
aches argues for the legitimacy of 

treating the relationship between the training and test concepts 
as involving true mediation. Yet it is significant that in most in- 
stances in which they have been employed little if any learning 
has taken place with respect to the mediator concepts them- 
selves, raising the question of why they failed to mediate the test 
g. It seems likely that the experience in 


€ successful, operated to make functional 
an operation that probably was close to 


already at the start, so tł 


hows” and “whys” of cognitive devel- 

opment, or in isolating the necessary and sufficient conditions for 
cognitive change, 

Let us consider the functional implications of the stage con- 

cept and its structural Properties. It should be apparent that, if 

we wish to Study the mechanisms governing the formation of 
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stage-related concepts, we must recognize that these concepts 
are acquired as part of an intricate network of interrelated rules 
of operations, applicable to diverse contents and domains of rea- 
soning and problem-solving behavior. 

Note that there is both a vertical and a horizontal aspect to 
this question; both of these are of consequence for the investiga- 
tion of the mechanisms of cognitive change. The vertical one re- 
fers to the sequence of steps involved in the attainment of a 
given concept or the formation of a given operation, which will 
determine the success to be expected from a particular training 
experience for a given child. Recognition of this vertical com- 
ponent implies a thorough analysis of the interrelationships, im- 
plicative and otherwise, that obtain among any constellation of 
interdependent concepts, along the lines sketched out in the ear- 
lier discussion of the sequence problem. It thus presupposes a 
thorough structural analysis of the concept domain of which the 
particular concept to be learned forms a part. It is interesting to 
note that those who have taken this point closest to heart thus 
far have predominantly represented, not the field of cognitive 
development, but rather the behaviorist's approach to on 
ming children’s learning. Foremost among these, in the d egree to 
which he has rendered explicit the theoretical rationale for his 
approach, is undoubtedly Gagné, who has presented us with de- 
tailed accounts of the steps involved in the learning of certain 
mathematical rules at the junior high school aes (Gagné, 
1962) and more recently, in a hypothetical vein, in the acquisi- 
tion of conservation of continuous quantity (Gagne, aie 

For psychologists such as Gagné, and so À Sarma mu M = 
operating from within a Skinnerian framework, it seems tha 


problem of the child’s “readiness to learn” can in fact be reduce 


to the question of whether he has mastered all of the steps in the 


sequence that precede and are prerequisites for the a à 
be learned, This assumption appears to ignore the pro em o 
horizontal transfer, ie. the interrelationships among cognitive 
structures that are coordinate as to level. Their relevance to the 
problem of learning derives from the strong possibility that 
“readiness to learn” is in part a question of what is to be learned, 
i.e. that the breadth of learning achieved by a given experience 
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will vary as a function of the level attained by the child prior to 
the onset of the experience (Wohlwill, 1966b). This possibility, 
and the problem of horizontal transfer more generally, has been 
largely ignored by those approaching the programming of learn- 
ing via the essentially linear, Skinnerian model. Again we find 
Gagné concerning himself more explicitly with this question, 
notably in his most recent statement (Gagné, 1966), but to a 
considerable extent his treatment still assumes that learning will 
take place within a rather narrowly circumscribed domain, and 
that concepts will not be learned as highly general, but rather as 
relatively specific entities (e.g. that conservation of liquid will 
be acquired independently of conservation of number), and, 
more important, that these concepts remain as separate, unre- 
lated entities, being tied together only in the mind of the psy- 
chologist. It is apparent that Gagné’s position here is at variance 
with the emphasis on structurally interrelated concepts forming 
a stage that we have proposed as an earmark of cognitive devel- 
opment. 

It should be noted that our insistence on this horizontal- 
transfer question in the study of learning effects does not commit 
us to an a priori assertion concerning the prevalence of broad 
across-the-board acquisitions in the normal process of cognitive 
development. It has been pointed out with some justification 
(Lasry, 1966) that the child who demonstrably has acquired a 
concept without benefit of practice or special experience may 
similarly fail, in many instances, to show an understanding of 
interrelated concepts. Our own analysis of the formation of 
stages actually points itself to the instability, inconsistency, and 
lack of generality of concepts during the period of their acquisi- 
tion. 

Nevertheless, horizontal transfer remains of importance as a 
criterion to evaluate the results of learning. That is, considerable 
differences in breadth of learning may be anticipated, depending 
on where the child is at the start. At one extreme it may prove 
possible to create the appearance of operational structures in 
children starting at the level of intuitive thought, by means of a 
suitably programmed sequence of steps, but the end result may 
be expected to remain of very limited generalizability or transfer 
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value. At the opposite extreme we may be dealing with children 
in whom the operation has already become established, but who 
for one reason or another fail at the outset to respond in accor- 
dance with it at the performance level; here the training may in 
effect amount largely to the externalization of the operation, and 
its effects can be expected to transfer to other situations or struc- 
turally related tasks. 

Elsewhere one of us (Wohlwill, 1966b) has argued that effects 
of training in producing vertical progression tend to be inversely 
proportional to the extent of horizontal transfer :achieved. This 
inverse relationship represents quite possibly the key to the 
difference between the effects of training and controlled experi- 
ence and those of the child’s spontaneous, unprogrammed experi- 
ence. The latter results in vertical progress that is undoubtedly 
slower and more haphazard, but in compensation it takes 
place on a much broader scale horizontally. This still does not 
mean that every structural link between tasks is necessarily 
realized instantaneously, but only that there is progress on a 
wide front, with certain concepts spearheading the advance 
while others are lagging slightly behind, but at the same time 
without major gaps in the levels of thought demonstrated by the 
child for different but interrelated concepts. 

This brings us to the third point at which our analysis of cog- 
nitive development touches on questions of function, and of the 
role of training or experience in particular. We have proposed 
that the process of formation of cognitive structures can be 
looked at as a four-phase process, in which transitional and sta- 
bilization phases intervene between the initial preoperational 
phase and the final full-fledged establishment of the operation. 
This formulation suggests that very different effects of learning 
are to be expected, according to the phase in which the child is 
located at the outset. Children in the preoperational phase 
should show little evidence of acquisition of concrete-operational 
concepts—and this is in accordance with the lack of success of 
most Piagetian learning studies below the age of five. Children in 
the transitional stage should be variably receptive to influences 
aimed at speeding up the initial emergence of concrete opera- 
tions, and for those that do learn, the extent of transfer exhibited 
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follow-up test to determine the longer-term effects of the train- 
ing, all help to bring the true role of this experience into sharper 
focus. In these respects, the conception and design of the Car- 
bonneau-Fournier investigation might profitably be emulated 
more generally in research on the role of learning or experience 
in cognitive development. In essence, the contribution of these 
investigators is that they have given recognition to a fact that 
previous workers in this area have been inclined to ignore: that 
any effects of a particular experience on some aspect of the 
child’s cognitive functioning must be thought of as superimposed 
on his normal development. Thus, a meaningful assessment of 
these effects should incorporate both the breadth and scope 
encompassed by this developmental process and the temporal 
dimension along which it runs its course. 


Appendix 


Data of direct relevance to the four-phase model outlined in this 
paper have been presented by Uzgiris (1962) in her dissertation 
on the attainment of conservation of substance, weight, and vol- 
ume in children from the first through the sixth grades. Uzgiris’s 
intent was not only to verify the progression from substance to 
weight to volume, by administering questions relating to these 
three types of conservation to the same children, but also to ex- 
amine the situational generality of conservation responses across 
different concrete materials. Accordingly she selected four mate- 
rials—plasticine balls, sets of cube-shaped nuts, wire coils, and 
strands of plastic-covered wire. 

For each combination of material and type of conservation 
there were three items, involving three different transformations 
of the material prior to asking the conservation question. (Thus, 
the ball of clay was successively rolled into a “fat” sausage, 
rolled into a longer, thinner sausage, and subdivided into three 
pieces; the nuts were arranged in stacks or piles varying in num- 
ber and conversely in height, and so on.) There were, therefore, 
a total of 3x 4x3, or 36 responses for each child. Since Uzgiris 
provides the complete raw data for all of her Ss in an Appendix, 
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it becomes possible to look at the patterns of responses exhibited 
in the different age groups, and thus to determine whether the 
succession of phases outlined in our model provides a reasonable 
fit to these data.° 

To this end, each S’s pattern of Passes and Fails on the four 
substance-conservation and four weight-conservation tasks was 
determined, a pass being awarded for two correct answers out of 
the three transformations presented for each task. (The volume- 
conservation data were not utilized, since it was apparent from 
the low success-rate on volume-conservation even in the oldest 
age group that it entailed conceptual processes falling outside of 
the concrete-operations realm tapped by the other two conserva- 
tions. In any event the volume-conservation responses would 
have added little useful information to the test of our model. ) 

The patterns were then divided into five categories, repre- 
senting respectively Phases 1, 2, %, 3 and 4. The patterns com- 
prising these phases are shown in Table 2. 

Phase 2, it will be noted, is defined in terms of an intermediate 
level of correct responding on substance conservation, regardless 
of the child’s performance on weight conservation. The rationale 
for doing so is that Phase 2 represents the transitional period in 
the initial establishment of the operations underlying conserva- 
tion; this is best indicated in terms of performance on the task 
for which this concept is first attained, i.e. substance conserva- 
tion. Furthermore, it is entirely consistent with the transitional 
character of this phase to find cases of success on the harder 
task, weight conservation, to some extent independent of per- 
formance on substance, although the overall level of perfor- 
mance on weight should, of course, be lower—as it is (cf. be- 
low). As for Phase %, it is marked by consistent passing on the 
easier task, substance conservation, presumably indicating the 
attainment of conservation at this low level of difficulty. The 
specification of “o to 2” passes on weight conservation for this 
turning point may seem arbitrary, but it is in line with the inter- 
pretation of this point as marking the start of the consolidation 
period for the concept being acquired; thus for the more difficult 


© The authors wish to express their gratitude to Ina Uzgiris, for her cooperation 
in supplying the raw data from her dissertation, and for allowing us to use them 
for the purposes of this Appendix. 
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concept a low, but not necessarily zero-order probability of suc- 
cess on weight conservation would be expected, as indicated by 
the equation for our model, which at this point specifies P(+) 
as = Py 

The extent to which this partitioning of Ss into the various 
phases conforms to the formal specifications of our model can be 
gauged by considering the assumed values for P, and k for each 
phase, and for P, for the two types of conservation tasks, given 
in Table 2. The values indicated for P, in Phase 2 and for k in 
Phase 3 are to be regarded as modal or average values. The P, 
values were obtained by treating all four materials as equivalent 
(their overall difficulty levels were in fact closely comparable at 
all age levels), and arbitrarily setting the difficulty-coefficient as 
= 1.0 for the easier of the tasks, substance-conservation. Since 
for Ss in Phases 2, % and 3 combined there were exactly twice as 


many passes on substance as on weight, P, for the latter was set 


a values turn out to be tolerably good estimates as first 
approximations: they yield predicted means of 2.0 and 1.0 passes 
in Phase 2 on substance and weight conservation respectively, 
which are close to the corresponding observed means of 2.3 and 
1.2. For Phase % the fit is less good: the predicted mean for 
passes on weight conservation is 2.0, whereas the observed one is 
1.2. Through iterative procedures it would no doubt be possible 
to improve upon these approximations, but for our purposes the 
gain would be negligible. 

The main point to be brought out is that, when we assign Ss in 
the various grades to these phases, based on their response pat- 
terns, a very consistent picture emerges (cf. Table 2): Phase 1 is 
clearly dominant at Grade 1; Phase 2 at Grade 2; and Phase 4 
from Grade 3 on, reaching a maximum in Grade 6. Phases 24 and 
3, while failing to account for a majority of Ss at any age level, 
do reach a peak at intermediary ages, i.e. in Grades 4 and 5, re- 
spectively. Considering the small number of cases in each age 
group, this distribution is as orderly as could be expected. 

Further information relevant to the interpretation of the 
phases according to our model is provided by the oscillation 
data. An S was credited with an oscillation if on any task he had 


118 THEORETICAL PERSPECTIVES 


either 1 or 2 correct answers out of the 3 trials (i.e. three trans- 
formations) that he was given with each material. The average 
number of such oscillations for the Ss assigned for each phase is 
shown in the last column of Table 2. (The maximum theoreti- 
cally possible is 8, i.e. 4 materials X 2 tasks.) It is apparent that 
oscillations are relatively rare in Phases 1 and 4, as would be 
predicted where P, is o or 1, and reach a peak in Phase 2, as 
expected from the transitional character ascribed to this phase. 
This point emerges even more clearly if we consider only those 
Ss who are well into this phase, i.e. with 2 or 3 passes on sub- 
stance conservation: these 19 Ss exhibited an average of 2.2 os- 
cillations per S. 

The oscillation rate in Phases % and 3, though less than in 
Phase 2, remains higher than would seem consistent with an as- 
sumption of P, = 1.0. (As might be expected, a large proportion 
of these oscillations is contributed by the weight-conservation 
items.) This suggests either that these two conservations are 
being acquired separately, i.e. that P, for weight < 1.0 for these 
Ss, or that the stabilization period, during which deficiencies in 
information-processing remain (k < 1.0), will itself be marked by 
oscillation of response. Arguing against the separate-acquisition 
interpretation is the total absence of any Ss combining o or 1 
passes on substance conservation with more than 1 pass on 
weight, and more significantly, the finding that only two Ss 
showed a combination of 4 passes on substance conservation 
with o on weight. 

Altogether, these data provide a certain amount of empirical 
support for the adequacy of the model we have outlined, suffi- 
cient at least to warrant further research specifically designed to 
test it. For such investigation one would require a larger number 
of tasks varying in difficulty and a sufficient number of judg- 
ments on the same or equivalent forms of these tasks to provide 
direct estimates of P, for any given S. 


References 
Aebli, H. Ueber die geistige Entwicklung des Kindes. Stuttgart: Klett, 1963. 


Beilin, H. Learning and operational convergence in logical thought devel- 
opment. J. exp. Child Psychol., 1965, 2, 317-330. 


ASPECTS OF COGNITIVE DEVELOPMENT 119 


Braine, M. D. S., & Shanks, Betty L. The development of conservation of 

size. J. verb. Learn. verb. Behav., 1965, 4, 227-242. 

Bruner, J. S., Olver, Rose R., & Greenfield, Patricia M. Studies in cognitive 

growth. New York: Wiley, 1966. 

Carbonneau, M. Apprentissage de la notion de conservation de surface. Un- 

published thesis (lic. philos.), Univer. Montréal, 1966. 

Chomsky, N. Syntactic structures. The Hague: Mouton, 1957. 

Chomsky, N. Aspects of the theory of syntax. Cambridge, Mass.: M.IT, 

Press, 1965. 

Donaldson, Margaret. A study of children’s thinking. New York: Humani- 

ties, 1964. 

Flavell, J. H. The developmental psychology of Jean Piaget. Princeton, N. J.: 

Van Nostrand, 1963. 

Flavell, J. H. Heinz Werner on the nature of development. In S. Wapner & 

B. Kaplan (Eds.), Heinz Werner, 1890-1964: papers in memoriam. Wor- 

cester, Mass.: Clark Univer. Press, 1966. Pp. 25-32. 

Fournier, Edith. Généralisation intranotionnelle et internotionelle d’un ap- 

prentissage empirique de la notion de conservation de surface. Unpublished 

thesis (lic. philos.), Univer. Montréal, 1966. 

Gagné, R. M. The acquisition of knowledge. Psychol. Rev., 1962, 69, 355- 
65. 

ae R. M. Contributions of learning to human development. Presiden- 

tial address, Division I, AAAS, presented at AAAS meetings, Washington, 

D. C., December, 1966. 

Glick, J., & Wapner, S. Ontogenetic changes in transitivity. Paper presented 

at East. Psychol. Ass. meetings, New York City, April, 1966. 

Katz, J. J. The philosophy of language. New York: Harper & Row, 1966. 

Kofsky, Ellin. A scalogram study of classificatory development. Child 

Develpm., 1966, 37, 191-204. 

Kuhn, T. S. The structure of scientific revolutions. Chicago: Univer. of Chi- 

cago Press (Phoenix), 1964. 

Lasry, J. C. Apprentissage empirico-didactique de la notion d’inclusion, Un- 

published thesis (lic. philos.), Univer. Montréal, 1966. 

Lovell, K. A follow-up study of some aspects of the work of Piaget and In- 

helder on the child’s conception of space. Brit. J. educ. Psychol., 1959, 29, 
104-117. 

McCarthy, Dorothea. Language development in children. In L. Carmichael 
(Ed.), Manual of child psychology (2nd ed.). New York: Wiley, 1954. Pp. 

492-630. 

McNeill, D. Developmental psycholinguistics. In F. Smith & G. A. Miller 
(Eds.), The genesis of language: a psycholinguistic approach. Cambridge, 

Mass.: M.LT. Press, 1966. Pp. 15-84. 

Morf, A. Apprentissage d'une structure logique concrète (inclusion): effets 


120 THEORETICAL PERSPECTIVES 


et limites. In A. Morf, J. Smedslund, Vinh-Bang, & J.F. Wohlwill (Etudes 
d’épistémologie génétique. Vol. IX). L'apprentissage des structures logiques. 
Paris: Presses Univer. France, 1959. Pp. 15-83. 

Nassefat, M. Etude quantitative sur l'évolution des opérations intellectuelles. 
Neuchâtel: Delachaux et Niestlé, 1963. 

Osterrieth, P. et al. Le problème des stades en psychologie de l'enfant. 
Paris: Presses Univer. France, 1955. 


Smedslund, J. The acquisition of conservation of substance and weight in 
children. III. Extinction of conservation of weight acquired “normally” and 
by means of empirical controls on a balance scale, Scan. J. Psychol., 1961, 
2, 85-87. 

Smedslund, J. Concrete reasoning: a study of intellectual development. 
Monogr., Soc. Res. Child Develpm., 1964, 29, No. 2 (Whole No. 93). 
Smedslund, J. Microanalysis of concrete reasoning: III. Theoretical over- 
view. Scan. J. Psychol., 1966, 7, 164-167. 

Suppes, P., Hyman, L., & Jerman, M. Linear structural models for response 
and latency performance in arithmetic. Unpublished manuscript, 1966. 
Uzgiris, Ina. On the situational generality of conservation. Unpublished 
Ph.D. dissertation, Univer. of Illinois, 1962. 
Uzgiris, Ina. Situational generality of conserv: 
35, 831-842 

Wallach, Lise, & Sprott, R. L. Inducing number conservation in children. 
Child Develpm., 1964, 35, 1057-1071. 

Werner, H. The concept of development from 
nismic point of view. In D. B. Harris (Ed.), The 
Minneapolis: Univer. of Minnesota Press, 1957. P 


White, S. H. Evidence for a hierarchical arrangement of learning processes. 
In L. P. Lipsitt & C. C. Spiker (Eds.), Advances in child development and 
behavior. Vol. 2. New York: Academic Press, 1965. Pp. 187-220, 

Winer, G. H. An analysis of the role of set in the child’s acquisition of num- 
ber conservation. Paper presented at East. Psychol. Ass. 
York City, April, 1966. 

Wohlwill, J. F. Piagets theory of the development of intelligence in the 
concrete-operations period. In M. Garrison (Ed.), Cognitive models and 
development in mental retardation. Amer. J. Ment. Def., Monogr. Suppl., 
1966, 70(4), 57-78. (a) 

Wohlwill, J. F. Readiness, transfer of learning and the development of cog- 
nitive structures. Paper presented at meetings of Canad. Psychol. Ass., 
Montreal, June, 1966. (b) 

Wohlwill, J. F., & Katz, M. Factors in young children’s responses on class- 


inclusion problems. Paper presented at meetings of Soc. Res. Child De- 
velpm., New York City, March, 1967. 


ation. Child Develpm., 1964, 


a comparative and orga- 
concept of development. 
p. 125-148. 


meetings, New 


“Stage” in Piaget’s Cognitive-Developmental 
Theory: Exegesis of a Concept 


ADRIEN PINARD 
MONIQUE LAURENDEAU 


Piaget’s system naturally invites one to adopt extreme attitudes 
of acceptance or rejection. General acceptance will very often 
result from the particular attraction exerted by certain of 
Piaget constructs, such as those of structure, adaptation, equi- 
librium, and so on, the definitions of which can lend themselves 
to easy generalizations and allow for numerous implications in 
more than one area of applied psychology (e.8. educational, clin- 
ical). Piaget’s difficult system has become enveloped in an aura 
of prestige irreconcilable with the critical spirit necessary to 
avoid confusion between hypotheses, opinions, and facts. On the 
other hand. an attitude of total rejection can draw its inspiration 
from a spontaneous reflex of scientific purity or exactingness, a 
reflex set in motion by the putative theoretical and experimental 
Zaps of the system. In the same manner, the noninitiated will 
instinctively fear the dangers of a system of conceptualization 
that he judges to be obscure, @ system whose addicts speak a 
language more or less esoteric—the “piagenetic language ac- 
cording to the expression which Piaget (1964b) attributed to 
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Gréco—and rather inaccessible to those who use the customary 
scientific vocabulary. 

The possibility of such attitudes depends upon several factors. 
It no doubt arises first from the magnitude of Piagets work that 
incites an all or none acceptance and lends itself poorly to eclec- 
tic apportionment. It depends equally upon the contrast that op- 
poses, according to some, the breadth of the theoretical system 
to the scantiness of the experimental data: a breadth that can 
appeal to those of synthetic nature who are little inclined toward 
microtomic procedures, but a scantiness that irritates those of 
analytic bent always on the watch for unparsimonious interpre- 
tations. 

Another source of conflict arises from profound differences as 
to the method of explanation that ought to be used in the psy- 
chology of behavior. In this respect Piaget (1950b, 1963a) 
adopts a position that rejects at the same time all forms of 
reductionism (physiological or phenomenological) and every ` 
traditional form of parallelism, To explain the relations that exist 
between the states of consciousness and the underlying physio- 
logical processes, he advocates a sui generis form of isomorphism 
(without reciprocal action) between two methods of explana- 
tion, one based on physical (or physiological ) causality, the 
other on psychological implication. 

The level of formalization of Piaget’s system is still another 
factor that gives rise to massive opposition. On one side the 
advocates of pure methods—be they innovators or mere consum- 
ers of theory—severely criticize Piaget’s system for its specifically 
theoretical gaps, that is to say its lack of formal architecture 
(postulates, theorems, and so on) and of genuinely hypothet- 
ical constructs or intermediate variables capable of lending 
themselves to empirical verification. They will readily consider 
that Piaget’s contribution consists more in posing problems than 
in providing solutions and that his conclusions belong more to 
the domain of theoretical fancy than to that of scientific reality. 
We read, for example, the capricious and negativistic reactions 
of Birch as well as the severe but much more positive remarks of 
Zigler in a recent symposium on mental deficiency (Garrison 
1966). The partisans of Piaget’s method or the authors less op- 
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posed to his manner of thinking, on the other hand—moreover 
with a variable enthusiasm and a not less variable sagacity (see 
the already classic book by Flavell (1963) and, for example, the 
excellent article by Wohlwill (1966a) in the above-mentioned 
symposium )—will recognize at once the fact that Piaget has not 
allowed himself to be imprisoned by the rigid canons of scientific 
theorization, that the paucity of explicitly formulated hypotheses 
renders the system difficult to verify empirically, and that many 
of his interpretations suggest the post hoc. These same, however, 
authors at the same time emphasize the danger of sterility that 
becomes associated with all forms of hyperformalization and all 
f operational definitions and hypothetico- 


rigid interpretations O 
respect, that Baldwin (1960) 


deductive cases. It appears, in this 
speaks the language of reason in recalling that the most valuable 
scientific contributions were not necessarily born of the most 
rigorous theories and in recognizing, after a very lucid analysis 
of more and less sophisticated scientific strategies, that we can- 
not without dogmatism “legislate” that one or the other is use- 
less. 

Lastly, a final point that can help us understand these extreme 
forms of acceptance or rejection concerns the differences of a 
methodological nature that divide the researchers in develop- 
mental psychology. To begin with there are the purists—the 
“geometrically-minded”—who are firm partisans of the strict ex- 
perimental method, the only one capable of realizing the estab- 
lishment of unequivocal causal relations between the variables 
involved, and who contend with one another to reiterate that the 
chronological age is not as such a significant variable in the the- 
oretical explanation of a developmental phenomena (Bijou & 
Baer, 1963, 1966). There are, on the other hand, the so-called 
nonpurists—the “subtle-minded,” shall we say—among whom 
some would readily class the less critical disciples of Piaget, if 
not Piaget himself. These often suffer from a certain negative 
form of chronic color-blindness (ie. exclusive attention to the 
age variable without systematic analysis of other variables). 
They dread the teratological character of rigid laboratory situa- 
tions and willingly abide by methods of analysis that are corre- 
lational rather than more strictly experimental. Everything in- 
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dicates, however, that both of these two methods of approaching 
genetic problems are necessary because they are distinct and 
complementary as Brown (1965), Flavell (1963), Kessen 
(1960), Laurendeau and Pinard (1966), and Wohlwill (1963a) 
have all noted. 

The discussion of the formal or structural aspects of Piaget’s 
system would be interesting in itself. It seemed preferable, how- 
ever, to penetrate to the very heart of the system and to analyze 
closely a particular aspect of its contents. The aspect chosen here 
is the concept of “stage,” a notion abounding in pitfalls and in- 
tricacies, but a key one in Piaget’s system as a whole. The study 
of this concept assumes even greater importance from the fact 
that it raises certain related problems ( e.g. concerning décal- 
ages, learning) the discussion of which often gives rise to all 
sorts of misunderstandings. A simple and direct method of deal- 
ing with the study of this concept is to make a critical analysis of 
each of the characteristics that Piaget attributes to it. In at least 
two places (1956, 1960a°), he lists the different attributes 
which condition, in his opinion, the use of this notion in the 
study of mental development. For the sake of conciseness, we 
shall designate by the following names the five criteria proposed 
by Piaget: hierarchization, integration, consolidation, structur- 
ing and equilibration. These criteria will be discussed in the 
order mentioned, the order that Piaget himself follows in the first 
of the articles just cited. (The order adopted in the second 
article reverses the third and fourth criteria.) It seems, more- 
over, that the more rigorous the criterion, the more it becomes 
surrounded with ambiguities and misunderstandings, perhaps 
because the difficulty of the problems becomes more and more 
apparent and because empirical verifications decrease in fre- 
quency as the criterion increases in rigor. In consequence, the 
report that follows will deal only briefly with the first two cri- 
teria and will dwell at greater length on the latter three. 


° Piaget refers in this paper to a list that was first established by Inhelder (1956) 
and that included only three criteria: constant order of succession, integration, 
and structures d'ensemble. 


“STAGE” ? 
IN PIAGET'S THEORY 125 


Hierarchization 


The first criterion simply states the necessity of a fixed order of 
succession of the different levels that constitute a developmental 
sequence. This condition does not thus characterize any partic- 
ular stage, but the succession as such. It directly poses the prob- 
lem of the transitivity of stages (the second stage must never 
precede the first, nor the third the second, and so on). As Piaget 
nvariance of this order, a requisite for 
g about the chronological ages 
re exclude the possibility that 


has often made clear, the i 
every stage-sequence, says nothin. 
of accession and does not therefo 
the particularities of the physical, social, or cultural milieu 
might accelerate or retard the succession, or even prevent a 
particular stage from appearing (Piaget, 1956). More specifi- 
cally, in answer to Mead who pointed out the importance of eth- 
nic and cultural factors in the intellectual development, Piaget 
(1960a) ventured an even more explicit hypothesis, a hypothesis 
whose level of hypothetico-deductiveness does not perhaps place 
it in a seventh heaven of formalization, but which nevertheless 
merits being submitted to experimentation. According to this 
hypothesis, the extent of the décalages or developmental lags 
between very different cultural milieus will depend upon the 
nature of the tasks examined: these décalages would be maxi- 
mum for tasks of a nonoperational nature (e.g. precausal be- 
liefs), a bit less for tasks of an operational nature but that call 
upon symbolic structures (number or language), even less in 
cases where perceptual configurations are in opposition to opera- 
tional structurings (e.g: conservations ), and least of all where 
the perceptual configurations and the operational activities mu- 
tually support each other (e.g. seriations ).° Again, very recently, 
Piaget (1966) stressed the importance | of the comparative 
studies already initiated in several countries and insisted upon 
the need for complementary investigations that would specify 
the relative influence of different developmental factors accord- 


° A more general project involving à comparative study of Canadian and African 
children is currently in preparation and will deal with this particular aspect. 
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ing to the cultural milieus compared, and that also would deter- 
mine both the differential rhythms of development and the even- 
tual simplifications (e.g. absence of a formal-operational level) 
of the genetic sequence in certain types of cultures. 

This first characteristic attributed by Piaget to the notion of 
stage is obvious enough (it is not, moreover, exclusive to that 
notion) and does not appear to create any basically theoretical 
problems. We could at times ask if a rigid order of succession is 
capable of taking into account residual behavior (i.e. that typi- 
cal of a previous stage) that, as Piaget has frequently noted, 
often persists at a given stage, particularly in the evolution of 
sensory-motor intelligence, causality, and such like; but we 
should see here no more than the manifestation of certain forms 
of horizontal décalages inherent to a particular level that will be 
discussed later (third criterion). Wohlwill (1966a), for one, 
questions the interest and the utility of the present criterion, still 
the most studied of the five.” He argues that the limited num- 
ber of stages, almost always reduced to three (lower, interme- 
diate, and higher) in the current verification experiments, de- 
cidedly increases the probability of positive results. The criticism 
is largely valuable, but it would no doubt be excessive to wish to 
explain simply by this artifact the agreement of the numerous 
and varied existing observations (Dodwell, 1960, 1961; Dubreuil 
& Boisclair, 1960; Elkind, 1961a, 1961b, 1961c, 1961d, 1962, 
1964; Goodnow, 1962; Gouin-Décarie, 1962; Laurendeau & Pin- 
ard, 1962; Lovell, 1959, 1961; Page, 1959; Pinard & Laurendeau, 
in press). It should also be added that a more systematic use of 
the subperiods and substages identified by Piaget could serve to 
enhance somewhat the dispersions. Let us recall, for example, 
that the sensorimotor period subsumes six stages, that the pre- 
operational subperiod alone includes three stages, that the con- 
crete-operational period contains two principal stages, as does 
the formal-operational period itself. Furthermore, each of these 


° It is almost always a question here of simple replications, more or less system- 
atic, of Piaget’s experiments. The difficulty in experimentally manipulating this 
first characteristic, a difficulty pointed out by Wohlwill (1966a), stems no doubt 
from the fact that such a manipulation would assume that we know the mecha- 
nism of transition from one stage to another (see criterion 5). 
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stages can contain several substages, substages that Wohlwill 
often and justly finds very transient and thus of little use, but 
that are occasionally clearly identifiable, notably in the realm of 
space. 


Integration 


The second characteristic attributed by Piaget to the notion of 
stage presupposes the preceding one and includes an additional 
requirement. It asserts that the acquisitions of a given stage So 
should integrate those of the preceding stage Sı instead of 
simple substituting for them or juxtaposing with them. To avoid 
any misunderstanding, it is essential to stress that this inte- 
grating characteristic does not in itself assume the necessity of 
finding S, as such in Sz, as though we were in the presence of a 
model of additive nature. The possibility of such a misunder- 
hlwills (1966a) criticism that this 


standing may underlie Wo 
characteristic cannot easily apply to the successive stages of one 
ld maintain that operational 


general period, because no one wou 
conservation, for example, ‘integrates preoperational noncon- 


servation, Nevertheless, the exact bearing of this characteristic 
can already be clarified if we think of the integration in a more 
primitive (or etymological) fashion. We might thus give ita 
more comprehensive significance by asserting that the “integra- 
tion” of S, by Se would constitute a transformation of S, into Se 
and would entail the two processes of restructuring and coordin- 


ation. 

The first of these two processes would be at work especially at 
the level of between-period genetic relations—the kind of inte- 
gration relations to which Piaget in general and also Inhelder in 
particular (1956) confine themselves—and would thus directly 


entail the phenomenon of vertical décalage. We know that, by 
virtue of these décalages (see Piaget, 1941, where they are ex- 
tensively discussed), the development of a given conceptual 
content (e.g. causality, space) is accomplished on several suc- 
cessive levels (sensorimotor, concrete-operational, and formal- 
operational) according to an analogical process in which this 
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content, already structured at a level established by earlier kinds 
of actions or operations, is restructured at a higher level by a 
new kind of operation. These vertical décalages would also be 
expressed, again according to Piaget (1941), by a progressive 
differentiation of the various domains of application of the oper- 
ations in the process of establishing themselves. Thus it is that 
before the advent of logico-arithmetic operations, at once dis- 
tinct from spatial-temporal and practical operations, these three 
kinds of operations were at the sensorimotor level completely 
undifferentiated, the initial differentiation being produced be- 
tween the practical and the reflective or cognitive domain (in- 
cluding logic and sublogic) at the preoperational level. Now 
these diverse and successive restructurings would not operate in 
a simple additive or subtractive fashion as if, for example, the 
logical were added to the sublogical, or as if reflective intelli- 
gence suppressed practical intelligence at a given moment; we 
must rather see in this a phenomenon of liberation (or of emer- 
gence) that transforms and enriches the domains a and b, for ex- 
ample, at first indistinguishable within an ab whole. 

The process of coordination, to which the integrative property 
can also refer, would be more directly at work at the level of the 
interstage developmental relations (those within the same major 
period or subperiod). Examples of such a process abound in 
Piaget’s descriptions. Granted that, in the case of stages of con- 
servation, for example, the initial absence of conservation does 
not become an integral part of operational conservation, or more 
generally speaking, granted that the behaviors at level S, are not 
necessarily recognizable as such in the behaviors of level S,; it is 
nonetheless true that operational representations do integrate, by 
coordinating them in a common system of compensatory trans- 
formations, progressively more articulated intuitions of the pre- 
operational level and that, even more obviously, the last stage 
(intuitive) of the preoperational subperiod integrates the less 
articulated intuitions of the preceding substages, We find, also, 
this same process of coordination, mutatis mutandis, within each 
of the principal periods of development. It is particularly strik- 
ing in the series of six stages of the sensorimotor period, leading 
for example, to object permanence. We also notice it in the usual 
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problems of conservation, where what Piaget calls Strategy 4 
(operational compensation for the modifications involved in the 
complementary dimensions A and B) coordinates the oscillations 
(between A and B) peculiar to Strategy 3, itself having already 
coordinated the isolated behaviors (centration on A and B sepa- 
rately) of the lower-order strategies. The development of per- 
spective (projective space) furnishes several examples of the 
same process: the first projective representations, themselves 
supported by elementary representations of a topological nature 
peculiar to an initial stage, begin by being applied only to some 
one of the three projective dimensions (such as the left-right di- 
mension) before constituting a comprehensive system. In short, 
in the case of interstage relations, integration finds expression in 
the coordination of more and more differentiated schemata (sen- 
ve), just as it was expressed, in the case 
a restructuring of the same conceptual 
ations applied to increas- 


sorimotor or representati 
interperiod relations, by 
contents via increasingly complex oper 
ingly differentiated fields. 


Consolidation 


The third essential characteristic proposed by Piaget means that 
a period (or a stage) must always involve at once an aspect of 
achievement of the recently acquired behavior and an aspect of 
preparation for the behavior of the following level. This charac- 
teristic is not easy to analyze. Wohlwill (1966a) does not find it 
rigorous enough to be useful and feels that it can serve only to 
confuse the lines of demarcation separating the different levels. 
It is true that the two brief descriptions Piaget makes in this re- 
spect are rather ambiguous. In the first (1956) achievement and 
preparation explicitly refer to two stages or successive levels of a 
same, more general period, the first serving as point of departure 
for the accomplishments to be wrought by the second. In the 
second description (1g60a), on the other hand, the achievement- 
preparation relationship would appear to remain intrinsic to a 
given stage n whose function would be to complete the stage 
n — 1 and to prepare for the stage 7 + 1. Thus, assuming that we 
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wish to retain this criterion along with the others, it would cer- 
tainly be necessary to vary its meaning as a function of the de- 
gree of refinement of the developmental scale (periods, sub- 
periods, stages, and so on) to which we refer, as it had been 
judged useful to do for the preceding criterion. 

In any case, when we place ourselves in the general context of 
the equilibration model that inspires all of Piaget’s theory (the 
very term “consolidation” spontaneously evokes this model) we 
may be readier to admit the utility of this consolidation property 
if it could serve to limit the very complex concept of horizontal 
décalage, very fundamental in Piaget’s system. Just as the con- 
cept of vertical décalage helps to clarify the significance of the 
preceding characteristic, it is conceivable that the notion of hori- 
zontal décalage could occupy an equally central position in elu- 
cidating the present one by giving it meaning and justification. 

As we know, the notion of horizontal décalage expresses a 
chronological difference between the ages of acquisition of oper- 
ations that bear on different concepts (or contents), but obey 
identical structural laws. The classic example is that of the 
difference in age of acquisition of the conservations of substance, 
weight, and volume. We see at once the importance that this no- 
tion could have in the interpretation of problems that arise, for 
example, in the study of developmental synchronisms among 
different concepts, or the even more venturesome attempts at 
confirmation of the stages pertaining to these concepts (at- 
tempts that in themselves are legitimate and valuable so long as 
one avoids the possible confusion between simple convergences 
and more precisely defined synchronisms that the structural 
characteristic, to be considered later, seems to demand). But for 
the notion of horizontal décalage to function in this manner and 
especially for it to be able to clarify the preparation-achievement 
relationship entailed by the present criterion, this notion should 
immediately become the object of systematic experimental 
studies rather than serve as a magic passkey to the post hoc ex- 


planation of observed asynchronisms. It would seem 
essary to return to certain distin 


(1941) in his analysis of the d 
among the operations (or the 


equally nec- 
ctions previously made by Piaget 
ifferent forms of possible relations 
actions) of a given set of opera- 
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tions, as a function of whether they bear on one specific concept 
or on different concepts. 

When these operations bear on one particular concept, three 
types of relations are possible. Piaget speaks first of identity to 
designate the relations among operations bearing on a specific 
object that is subjected, for example, to various deformations of 
greater or lesser magnitude in an experiment in conservation. He 
refers instead to vicariousness when the operations bear on sev- 
eral homogeneous objects that are capable of being assembled in 
a common whole (e.g. different balls of plasticine), because of 
the possibilities of substitutions or vicariousness of their respec- 

s of correspondence when the opera- 


tive parts. Finally, he talk 
tions deal with heterogeneous objects if, although not unitable in 


a simple whole (e.g. conservation of a quantity of plasticine and 
conservation of a quantity of water), these objects lend them- 
selves to comparisons or correspondences among their respective 
parts. Now Piaget immediately adds that these three types of re- 
lations, at least at the operational level, present no differential 
difficulty, and that the operations involved should all, as a rule, 
be constituted at the same time. He admits nevertheless that in- 


stances of the correspondence re 
“slight décalages” explainable “b 
tual or intuitive conditions” (1941, p. 266 ). 

On the other hand, to designate the relations among similar 
g on different concepts (e.g. quantity of mate- 
jaget will speak rather of anal- 


Jation can sometimes give rise to 
y the difference in the percep- 


operations bearin 
rial, of weight, and of volume), P whs 
ogy, meaning that, in spite of their diversity, the concepts in- 


volved seem to be structured according to the same operational 
rules, with the respective groupings being perfectly isomorphic 
or analagous among themselves. It is by this analogy relation 
that Piaget essentially characterizes the concept of horizontal 
décalage. Contrary to that which intervenes in the preceding 
three types of relations, the horizontal décalage involves a differ- 
entiation of concepts, just as the parallel notion of vertical 
décalage refers to a differentiation of domains of application 
(logical, sublogical, and practical) of the operational groupings. 
Given that the incidence and the extent of horizontal décalages 
would be conditioned by the variable resistance of “the percep- 
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tual or representational obstacles” (1941, p. 270) entailed by 
different concepts, and that these same factors equally condition 
the restructurings indigenous to the vertical décalages, Piaget 
concludes that “the horizontal décalages express the differences 
of speed between the vertical décalages of distinct concepts” 
(1941, p. 270). Such a conception is tantamount to asserting, so 
it seems, the necessity and the complementarity of the integrative 
and consolidative properties. 

The consolidative property becomes easier to understand and 
to accept once we introduce the distinctions that have just been 
mentioned. A relative slowing down of development during a 
particular period would thus be a matter of the progressive liqui- 
dation of the perceptual or conceptual obstacles responsible for 
various asynchronisms or décalages. This is why the principal 
question of knowing the extent to which we can reconcile this 
consolidative characteristic with the other characteristics attrib- 
uted to stages by Piaget could not receive a simple and univocal] 
answer. 

In the cases of so-called horizontal décalages (involving anal- 
ogous but different concepts), we must consider a relatively ex- 
tended developmental scale (capable of covering, for example, 
the two stages of the subperiod of concrete operations). How- 
ever, these décalages between distinct concepts ought not to 
compromise the economy of stages: (1) in their hierarchal char- 
acteristics, so long as the order of succession of the levels pecu- 
liar to each of the concepts and the order of appearance of these 
concepts among themselves remain invariable (which is a dis- 
tinct problem); (2) in their integrative characteristics, so long as 
the succession of behaviors peculiar to the different levels of 
these concepts takes each time the form of a restructuring or a 
progressive coordination in spite of the differences in their ages 
of acquisition; (3) in their structural characteristics, so long as 
the set of groupings relevant to each of these separate concepts 
is constructed in synchrony (this is also a problem in itself that 
will require subsequent discussion); (4) and finally, in their 
equilibration characteristics insofar as the evolution of these 
concepts could in each case be described in terms of successive 
levels of equilibrium and where both concepts might become ac- 
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commodation hypotheses concerning the continuity of develop- 
ment and the transition between stages. 

It is perhaps advisable to specify that these horizontal décal- 
ages do not apply exclusively to certain privileged concepts, such 
as those of quantity of matter, weight, and volume, where the 
analogous relations are particularly striking because they are 
based on a system of successive implications (ie. weight pre- 
supposes matter just as the action of weighing presupposes the 
action of finding again, and so on) increasingly difficult to differ- 
entiate and to objectivize within a common, generic notion of 
quantity, The analogy establishing the concept of horizontal 
décalage is often less obvious when it deals with notions that are 
less similar, such as the asynchronisms recently observed by 
Vinh-Bang and Lunzer (1965), for example, among different 
types of spatial coordinations and conservations and many others 
that a comparative analysis of Piaget’s work on the development 
of concepts of causality, space, and time would reveal. We can, 
however, recognize, in all these asynchronisms, the dual process 
of progressive dissociation and complementarity that defines the 
process of horizontal décalage wherein several distinct concepts 
can acquire structure at diia? ga even though the same 
Operational groupings are involved in each. | a 
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wholes (Inhelder & Piaget, 1959). Gréco (1964a) indirectly at- 
tacks the same problem in his work on the evolution of spatial 
representations. He seems little inclined to feel that logical and 
spatial operations are constructed autonomously and indepen- 
dently, or further, to see in the latter operations a simple ap- 
plication of the former to a particular content. Although he 
subscribes to an hypothesis of interdependent and synchronous 
construction, he emphasizes the possibility of certain particular 
asynchronisms. 

Assuming that the positions of Piaget and Gréco are confirmed 
by more systematic work, such asynchronisms could be con- 
sidered as horizontal décalages (of the analogy variety) in view 
of structural parallelism of the areas involved. In certain cases 
sublogical operations, of a spatial nature for example, might de- 
velop earlier than logical operations. This décalage could be ex- 
plained by the privileged character of the spatial images, under 
the hypothesis (Piaget, 1961b; Piaget & Inhelder, 1963b, 1966) 
that the homogeneity and isomorphism between image and oper- 
ation are more intimate in the area of space than in the area of 
logic. In other cases, logical operations might develop first, as in 
the example of conservation of collections (i.e. conservation of 
number) versus conservation of length. In this case, Gréco 
(1964a) wonders if the developmental priority of the first con- 
servation over the second is the result of a greater resistance on 
the part of preoperative kinematic intuitions to the operations of 
conservation, or if instead this is a special kind of invariant se- 
quence, to which the usual notion of horizontal décalage does 
not apply. In short, even in admitting that the differentiation of 
the logical and sublogical (and practical) domains attests to the 
phenomenon of vertical décalage and that these three domains 
are constituted synchronously when we consider them in the ag- 
gregate, it would remain theoretically possible to imagine certain 
horizontal décalages among the particular operations that arise 
from one or another of these areas. 

If we consider now the asynchronisms that can come about 
from object heterogeneity within the same concept domain ( 
lation of correspondence among the operations concerned 
are naturally spread out over much shorter durations ( 


re- 
), they 
i.e. across 


“STAGE” IN PIAGET'S THEORY 135 


the substages of the same period or subperiod) and run a much 
lesser risk of compromising any of the conditions required by the 
notion of stage. Even if the operations pertaining to a common 
concept should theoretically develop at the same time, it is nor- 
mal that certain conditions of a perceptual and intuitive nature, 
relative to a specific content and themselves variable according 
to the physical and sociocultural experience of the child, would 
bring about certain temporal deviations entirely reconcilable 
with the consolidative characteristic under consideration here. 
As to cases involving vicariousness or identity, no décalages 
would be expected, once the operational level had been attained. 
If we really insist on extending the use of the term décalage to 
the point of designating, for example, the delay of the child in 
admitting the conservation of weight after a more pronounced 
transformation (or with a second object, similar to the first), 
with conservation being asserted in the case of slight modifica- 
tion (or with the first object), it must at least be noted that the 
span of such asynchronisms must be extremely narrow—largely 
confined to a single intermediary or (lower) stage. 

In this general perspective, we see how equivocal can be the 
global question of knowing to just what degree it is possible, 
without diluting the concept of stage, to constantly appeal— 
often post hoc—to factors of a perceptual or representational na- 
ture to explain the décalages observed. Everything depends, in 
point of fact, on the scale at which we pose the question, be- 
cause the likelihood of décalage is inversely proportional to the 
closeness of the relations (analogy, correspondence, vicarious- 
ness or identity) that hold among the presumedly synchronous 
operations. It is no doubt the cases of correspondence that are 
the most critical. Indeed, if it were true that heterogeneity of 
objects alone brings about asynchronisms that are both too 
numerous and too striking, the typical behaviors at the level 
concerned could entirely lose their identity and the lines of 
demarcation between levels would be completely blurred. In any 
event, the primary role that must be accorded to the perceptual 
and conceptual obstacles in the production of all these décalage 
asynchronisms, as well as the lack of precision still surrounding 
the designation of these obstacles, clearly indicates the need for 
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more precise experimental analysis. Indeed, only systematic ob- 
servations and experiments will be able to help us define the true 
limits of these various décalages and their theoretical signifi- 
cance. It may be that the recent work of Piaget and Inhelder 
(1963b, 1966), and Gréco (1964a, 1964b), on the role of imag- 
inal representations will be the best starting point for attacking 
these problems. 


Structuring 


The fourth criterion that the notion of stage proposed by Piaget 
must satisfy concerns the actual organization of the intellectual 
behaviors characteristic of a particular level of functioning. Ac- 
cording to this criterion, the typical actions or operations of a 
given level are not simply juxtaposed one with another in an 
additive fashion, but are organically interconnected by ties of 
implication and reciprocal dependence that unite and group 
them into total structures—Piaget’s structures d’ensemble. This 
criterion is no doubt one of the most fundamental in Piaget’s 
concept of stage. It is closely linked with the preceding criterion 
and will henceforth be discussed only in connection with the 
more general stages (periods or subperiods ) constituting genetic 
levels that are relatively final, such as the termination of the 
sensorimotor and concrete-operational periods. As with the pre- 
ceding criteria, if we wish to clear up the ambiguities that can 
surround the interpretation of certain of Piagets writings as well 
as certain of the experiments inspired by his theory, it is neces- 
sary to specify the levels of observation we have in mind when 
speaking of structural characteristics, for the possible diversity of 
these levels directly influences the rigor of the criterion, and as a 
result, the range to be given to these so-called structures d’en- 
semble. 

We shall want, first, to refer to an interconcept level of obser- 
vation, thereby allotting to the structural characteristic a range 
large enough to include either specific concepts within a com- 
mon generic concept (e.g. those of distance, length), or even less 
directly related concepts (e.g. logical inclusion, spatial conserva- 
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tion). The majority of the interpretations that Piaget gives to the 
structural characteristics of stages refers to this level of gener- 
ality. According to Wohlwill (1963b, 1966a), for example, con- 
firmation of this criterion would require that the acquisition of a 
logical principle or of a particular operation at a given stage 
implies simultaneous mastery of all the problems or tasks 
founded on this principle or operation. It is true that Inhelder 
(1956) assumes such strong generalization when she notes that 
the structure of concrete operations implies the solution not only 
of such and such specific problems, but also of all the elementary 
problems of classification, seriation, and numerical conservation. 
Piaget and his associates also emphasize on many occasions the 
structural isomorphism and the genetic synchronism of certain 
concepts that are quite dissimilar, and even arise from different 
areas (logical and sublogical): for instance, the hierarchal inclu- 
sions of classes and certain spatial constructions of topographical 
wholes (Inhelder & Piaget, 1959), or the compositions and re- 
compositions of spatial wholes and collections of discontinuous 
objects (Piaget, Inhelder, & Szeminska, 1948). It is certain, 
nevertheless, that we could not reduce the structural character- 
istic under discussion to a simple form of transfer or of general- 
ization between diverse concepts or problems, nor to necessary 
(but not sufficient) synchronisms that would reflect the opera- 
tion of this characteristic. The structural characteristic asserts 
above all a complete functional interdependence and an organic 
connection among the operations (or actions) that can, in fact, 
apply to related concepts. It is primarily this that Piaget (1956) 
and Inhelder (1956) mean when they give as examples of struc- 
tures d'ensemble the group of displacements of the sensorimotor 
period, the system of functional invariants (conservations) in the 
first subperiod of concrete-operational thought, or the spatial 
system of Euclidian and projective references of the second con- 
crete-operational subperiod, and the structure of the INRC 
group that becomes established at the formal level. Leaving 
aside the question of experimental verification of these structures 
d'ensemble and of the synchronisms that they imply, it goes 
without saying that the completed elaboration of such structures 
would not be expected before the end of each of the corre- 
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sponding developmental levels. It is indeed necessary to allow 
the vertical and horizontal décalages, discussed when the two 
preceding criteria were treated, to get successively ironed out 
according to a process that spreads itself over several levels and 
that is expressed each time by a differentiation and coordination 
of domains as well as of concepts. 

Instead of giving such a range to the structural characteristic, 
we can adopt a much stricter interpretation and limit ourselves 
to an intraconcept level of observation, that is, to the constituent 
operations of one specific concept (e.g. that of weight, distance, 
class and so on), and dealing with objects that are as homog- 
enous as possible. In thus reducing the influence of the horizon- 
tal décalages, and the even more innocuous asynchronisms stem- 
ming from a heterogeneity of objects within the pale of a single 
concept, we find ourselves reducing the range of the structures 
@ensemble to the scale of relations among different groupings 
(logical or sublogical according to the case and the correspond- 
ing quantitative groups) that give structure to the concept con- 
sidered. On an even more restricted scale are the examples of 
structures d'ensemble (grouping and lattice) that Piaget (1956) 
gives in the special Symposium on the problem of stages, specify- 
ing that the mastery of a structure such as a grouping or a lattice 
assures by this very fact the mastery of all the distinct (and at 
times very different) operations that constitute it, But it is very 
clear that, especially where he deals with the problem expressly, 
Piaget goes beyond this intragrouping level and directly places 
the structural characteristic of stage at least at the level of rela- 
tions among the groupings themselves. In his earlier article on 
the mechanism of mental development he explicitly affirmed that 
“all the forms of groupings appear at the same time without our 
being able to seriate (them) into stages” (1941, p. 246), that “at 
a given level and for a given concept, the (eight) different pos- 
sible groupings appear to be constituted at about the same time” 
(p. 246), and so on. It is thus that—to recall one of the two 
examples cited by Piaget in this connection—the construction of 
the concept of weight would simultaneously imply, at about the 
age of nine years: the mastery of groupings of simple addition 
and of vicariances (conservation of weight); of addition of 
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asymetrical (seriation of weight) and symetrical (transitivity of 
equivalences) relations; of biunivocal multiplication of relations 
or of classes (concept of density by the combination of weight 
and substance); of counivocal multiplication (conservation of 
the weight of the particles of flour in the dilated com); and 
finally, of the corresponding quantitative groupings, by a fusion 
of classes and relations. The same synchronism among distinct 
groupings is noted by Inhelder and Piaget (1959) among the vi- 
cariances, classifications, and seriations (simple and multiplica- 
tive) pertaining to collections of discontinuous objects, albeit 
there are variations from one test to another as a function of the 
specific nature of the material used.° Even more recently, re- 
garding the synchronism found by Smedslund (1959) t between 
conservation and transitivity of weight, Piaget and Inhelder 
(1963a) willingly agree with Smedslund that conservation and 
transitivity would be only two aspects of the same grouping, and 
see in this synchronism an empirical proof of the structural char- 
acteristic essential, according to them, to the very notion of 
grouping. 

More generally, this interdependence of groupings could be 
said to lie at the very heart of Piaget’s system. The logical (or 
epistemological) analysis of the groupings themselves testifies to 
this fact: all are strictly isomorphic because all are based on the 
same combination of fundamental operations (direct composi- 
tion, inverse composition, associativity, and so on). The psycho- 
me groupings reveals the necessary 


logical analysis of these sa j 
complementarity of the systems of classes, relations, and num- 


bers. The interdependence implied in being able to recognize 
both similarities and differences among objects, and the simul- 
taneous and integrative involvement of several groupings within 
a single activity (e.8. class-inclusion and conservation behavior) 
are certainly easy to understand if one recognizes that classes 
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and relations deal with the extension and the comprehension of 
concepts, respectively, and are coordinated among themselves to 
produce numerical structures. It would seem that this minimum 
level of structuring is necessary (and perhaps sufficient) to the 
criterion of stage that is in question here. In short, to affirm the 
psychological existence of an authentic operational grouping 
bearing on a given content, this content must at the same time 
elicit not only the whole set of constituent operations of this 
grouping, but also the ensemble of parallel and connected group- 
ings. With the exception of the sensorimotor period where the 
practical equivalent of such a structuring is realized at the final 
stage, we must no doubt wait for the end of the first concrete- 
operational subperiod to see constituted the first operational 
structures d'ensemble. 

In this perspective what are we to think of the synchronisms 
and asynchronisms so often called in evidence for or against this 
structural characteristic? This is not the place to make a critical 
analysis of the experiments that could bear upon this problem. It 
will suffice to recall, for example, the low correlations observed 
by Dodwell (1960, 1961) among different tasks (e.g. one-for-one 
correspondence, conservation, seriation), all relative to the ge- 
neric notion of number. The same inconsistency is found again in 
Lunzer’s (1960) subjects, in his experiment on the concepts of 
volume (its conservation and measurement) and of the con- 
tinuum, which according to Piaget should be interdependent. 
We also recall, however, the very strict synchronism observed by 
Braine (1959) between the recognition of spatial order and the 
transitivity of length relations.° Attention should, in addition, be 
called to all the cases of synchronism reported by Piaget and his 
colleagues (e.g. Inhelder & Piaget, 1959; Piaget & Szeminska, 
1941; Piaget, Inhelder, & Szeminska, 1948) among rather dis- 
tantly-related concepts, and even among different domains (e.g. 
logical versus sublogical). If one looks at more limited areas, one 
could cite, if not the (equivocal) results of Smedslund’s (1959) 
study of conservation and transitivity of weight mentioned ear- 
° As will be noted later, however. 
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lier, at least the synchronism found by Kofsky (1966) among 
certain specific tasks (class hierarchies, dual class membership, 
and such like) within a battery of class-inclusion problems. We 
must also note, however, the asynchronisms recently observed by 
Smedslund (1964), this time between conservation and transi- 
tivity of both length and quantity, as well as that between con- 
servation and seriation of length subsequently found by Lunzer 
(1965). 

Before this rather inconsistent inventory, must we reject with- 
out further consideration the notion of structures d'ensemble, or 
is it better to reserve our judgment until new data can give a 
more decisive answer? We know how dangerous the interpreta- 
tion of similar data can be. Partisans of the notion of structures 
d'ensemble will willingly take into account certain developmen- 
tal synchronisms between concepts that are sometimes very 
different, without always distinguishing between synchronisms 
that are theoretically necessary and those that are simply ob- 
served to occur. They fail to recognize that the second, instead 
to the existence of the first, can only be the 
expression of developmental coincidences attributable to factors 
that are foreign to the very nature of structures d’ensemble. It is 
also no less difficult to resist the temptation of admitting a priori 
the existence of structures d'ensemble, even if one must inces- 
santly invoke the convenient intervention of various horizontal 
décalages to explain the absence of predicted synchronisms. It 
would not be a failure to recognize the importance and cogency 
of the horizontal décalages to point out the danger of explana- 
tions that are in each instance post hoc and made to measure. 
We are no doubt correct in seeking, for example, to partially ex- 
plain the developmental primacy of seriation over conservation 
of length by showing that it is conservation, and not seriation, 
which entails spatial displacements and requires that the end 


points of the lengths concerned be put into relation (Lunzer 
1965; Piaget 1964b); but again, it is necessary to take notice of 
the fact that the developmental primacy observed by Lunzer is 
true only for simple seriation (without elements subsequently in- 
terpolated in an already-constructed series), and that Lunzer 
himself unites in the same developmental group (equivalent 
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ages) conservation of length and this seriation of interpolated 
elements—recall that Piaget & Szeminska (1941) demonstrated a 
long time ago that systematic success in such interpolating is 
necessary to guarantee the operational character of seriation. In 
the same way, if we still find it legitimate to read into the syn- 
chronism first observed by Smedslund (1959) between conserva- 
tion and transitivity of weight the indication that these two 
operations are only two aspects of a single grouping, one could 
scarcely apply the same interpretation to the dyschronisms later 
observed by Smedslund (1964) between conservation and tran- 
sitivity of length and of quantity, dyschronisms for which one 
must try, post hoc, to find a different explanation! 

There is scarcely any justification for using frequency of dys- 
chronisms as a pretext for the unequivocal rejection of the hy- 
pothesis of structures d'ensemble. If we wish to submit this 
hypothesis to experimentation, it is necessary to conform in the 
best faith to the structural characteristic assigned by Piaget to 
the concept of stage and which (1) can have, as we have seen, a 
more or less precise meaning depending upon the level of obser- 
vation considered; (2) should characterize a relatively final 
stage of development, since we should not insist on an interde- 
pendence (between concepts or between groupings) at any and 
all developmental levels; (3) does not require the rejection of 
the horizontal décalages the importance and necessity of which 
we saw in the preceding paragraph, but about which one must 
know how to specify the exact nature, stage, and significance. It 
is true that such criteria render the experimentation difficult to 
accomplish; but the theoretical importance of the problem of 
structures d’ensemble recommends systematic study. If it is nei- 
ther wise nor reasonable to reject or to accept a priori the ex- 
istence of the structures d'ensemble postulated by Piaget; it is 
indeed no wiser and no more reasonable to be content with 
pointing out the genetic divergences or convergences that may be 
observed among different tasks constructed for other purposes, 
compared as an afterthought, and occasionally even adminis- 
tered to different rather than the same subjects. 

A systematic analysis of structures d’ensemble nevertheless 
creates serious difficulties. If we look at interconcept generaliza- 
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tion, the intervention of horizontal décalages linked to differ- 
ences in content seriously risks blurring the picture. It would al- 
ready be less ambiguous to limit inquiry to concepts that are 
logically interrelated, whether they entail the same processes 
applied each time to new conceptual contents (e.g. a set of con- 
servation tests °), or whether they are part of a common domain, 
relatively closed and logically coherent (e.g. a set of tasks involv- 
ing the construction of spatial coordinates). But it is no doubt 
better, in order to hew more closely to the problem of structures 
d'ensemble, to begin with the intraconcept level of generaliza- 
tion and therefore to ask if, for the same conceptual content 
(and even material content if possible), the different group- 
ings underlying this concept are achieved in synchrony.f Even 
when the problem is thus narrowed, the experimental analysis 
remains full of traps. It is not easy to reconcile the restrictions 
indigenous to using the same conceptual (and even material, 
e.g. cubes) content, a source of monotony, with the necessity 
of maintaining the child’s interest. Perhaps, assuming that such 
extreme homogeneity will prove to be impractical, we should 
use a sampling of contents (material or even conceptual ), the 
average yield of which could thus characterize the grouping in 
question. It is no easier to reconcile the qualitative diversity of 
the groupings to be studied (e.g. simple seriation, biunivocal 
multiplication of classes) with the necessity of maintaining as 
constant as possible the purely quantitative level of difficulty of 
the tests (e.g. avoid comparing a simple seriation of four objects 
with a multiplicative classification of 16 cases ). It may be that, 
to avoid looking at only a priori synchronisms, we should select 
tests of varying difficulty, so as to examine the incidence of syn- 
chronisms or asynchronisms at each of the different levels. It is 
equally important that each test be as homogenous as possible so 
as to probe for a specific and well-defined grouping. One should 
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ambiguously to which grouping they refer.° The question of age 
level of the children to be examined also creates a delicate prob- 
lem: one has to select children who are old enough so that the 
structural characteristic typical of the operational stage would 
have a chance to appear, and at the same time young enough so 
that all of the groupings will not have already been long since 
acquired and consolidated—with the earlier multiple décalages 
now imperceptible. In short, we must attempt to find a critical 
period of development. Only through such a discovery can we 
begin to resolve the paradox (or break the vicious circle) ac- 
cording to which, by hypothesis, operational level is character- 
ized by structures d’ensembles (to be operational it must possess 
these structures), they themselves being imbued with an opera- 
tional level of mental functioning (to show these structures en- 
sembles, it must be operational). We can finally ask if the search 
for this critical period should be located at the first level of con- 
crete-operational thought or at the second level of this same pe- 
riod; the chances of seeing a synchronous elaboration of all the 
groupings bearing on a given concept at this second level are no 
doubt much greater a priori because of the structures already 
elaborated at the preceding level. It would obviously make sense 
to experiment at both levels and, as far as is practical, to utilize 
longitudinal methods to get direct and unambiguous data on the 
question of developmental concurrences among the groupings. 

Assuming ultimately that experimental analysis should discon- 
firm the hypothesis of structures d'ensemble, even at the level of 
the constituent groupings of a single concept, it will be necessary 
to find out whether the attendant asynchronism at least shows a 
regular order of succession, thus permitting us to establish a de- 
velopmental series or sequence. This is a substitute hypothesis 


° It should be noted, for example, that a test that obliges the subject to change 
criteria of classification would constitute, for Wohlwill, a case of multiplication of 
classes, whereas Flavell sees in it a case of vicariance (see Wohlwill, 1966a). 
Similarly, Kofsky’s elegant study (1966) remains somewhat ambiguous because 
we cannot be sure if each of the tasks employed taps a clearly delimited group- 
ing. We can ask, for example, if Kofsky’s task MM (multiple class membership) 
really assesses the child’s multiplicative grouping of classes, because it requires 
the successive classification of a given object into two different classes, and may 
thus reflect only isolated and uncoordinated classificatory activity. 
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which Wohlwill (1966a), for example, seems disposed to adopt, 
because of the frequently observed décalages; moreover, he be- 
lieves that such a conception in no way weakens Piaget’s system. 
We must nevertheless recognize that any empirically-established 
asynchronism among the constituent groupings of a given con- 
cept would seriously jeopardize Piaget’s conception of stage 
because it would deny one of its most essential characteristics, 
and because it would be difficult to reconcile with the very 
nature of groupings, whose theoretical interdependence on both 
the psychological and the epistemological level we have seen 
above. In any case, we should guard against mistaking such 
asynchronisms for examples of horizontal décalages, if given that 
this form of décalage is defined by the successive application of 
the same groupings to different conceptual contents. In fact, it is 
rather to a particular form of vertical décalage that we should 
thus attempt to assimilate any asynchronism among groupings. 


Equilibration 


The last attribute Piaget attributes to the concept of stage empha- 
sizes the necessity of seeing, within an ensemble of stages, a suc- 
cession of levels of equilibrium at the heart of the evolutionary 
process. It may appear redundant to consider this equilibratory 
property as an additional criterion of stage. Strictly speaking, 
actually, this characteristic does not refer directly to a partic- 
ular stage (or period); it plays a role, vis-à-vis the entire de- 
velopmental series, somewhat analogous to that played by the 
aforementioned consolidative characteristic, vis-à-vis a particular 
stage. In this sense it lies at the very foundation of the develop- 
mental process—no doubt the reason Piaget ( 19602) considers it 
to be the most indispensable of the five criteria—the equilibra- 
tory nature of which he emphasizes in insisting that this equili- 
bration is realized in successive degrees. 

It would not be useful to discuss here the absence of all ap- 
parent forms of plateaus in the usual developmental curves as an 
initial objection to this notion of degrees of equilibrium. Indeed, 
no one would think of protesting that it is necessary to distin- 
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guish the individual developmental curves, a pursuit we know to 
be full of hazards and vicissitudes, from the collective curves 
where individual differences smooth out and become steady to a 
great extent. In addition, no one should argue that the ages of 
accession to the various stages of development, whatever criteria 
of accession are used, have any absolute value whatsoever, being 
simply averages of different individual ages of acquisition. The 
equilibratory characteristic does, however, raise two real prob- 
lems of crucial importance for Piaget’s system: the continuity of 
development and the transition from one level of equilibrium to 
the next. 


CONTINUITY OF DEVELOPMENT 


The question of knowing whether or not the concept of level 
of equilibrium prejudges the continuous versus discontinuous 
character of development is not so simple as it might appear at 
first sight. Wohlwill (1966b) considers, for example, that the 
problem of continuity versus discontinuity is actually a false 
problem, discontinuity being a necessary consequence of Piaget's 
system. He is no doubt right if we agree with him that for all 
developmental psychologists (including Piaget himself), the 
problem of continuity has nothing to do with continuity as such 
(a development without levels or without discernible pauses), 
but consists only of asking if the changes that intervene in the 
course of development are of a qualitative nature or only quanti- 
tative. Piaget (1957b), however, appears extremely conscious of 
the dangers of oversimplification this problem presents. It is thus 
that he establishes a clear-cut distinction, for any developmental 
succession of behaviors, between the polarity of derivation ver- 
sus substitution and that of continuity versus discontinuity, be- 
ing careful to specify precisely that derivation can be either con- 
tinuous or discontinuous. 

The first of these polarities concerns the two methods by which 
the succession of behaviors in a genetic process can take place. 
There would be a derivation relation between two behaviors if 
the two possess common characteristics and if the second derives 
from the first as a consequence of a process of transformation 
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that is divisible into stages. There would instead be a substitu- 
tion of one behavior for another if the second, instead of deriv- 
ing from the first by transformation, simply replaced it at a given 
moment in development under the influence of factors unrelated 
to the first. This distinction would thus speak to the qualitative 
dimension of the genetic process. The criterion proposed by 
Piaget to distinguish derivation and substitution, one which is 
empirically verifiable to a certain extent, would essentially con- 
cern the order of succession of the behaviors: cases of substitu- 
tion are recognized by the fact that external interventions (i.e. of 
cultural, social, educative origin) could, if not necessarily alter 
the basic quality of the successive behaviors, at least change 
their order of appearance; in contrast, these same interventions, 
if the sequence is one of derivation, could at best only accelerate 
ve emergents. If we recall the requirements 
entailed by the integrative characteristic of stages, described ear- 
lier, it appears evident that Piaget’s concept of stage refers pri- 
marily to a derivative mode of development. Substitutive evolu- 
tions are not in all cases systematically excluded, as is shown, for 
example, by the analysis of the development of certain forms of 
causality (Piaget, 1926, 1927: Laurendeau & Pinard, 1962), al- 


though it must be admitted that these less frequent cases of be- 


havioral substitutions were always noted within a more general 
Piaget has observed in sev- 


context of derivation. Moreover, as ; 
), it seems that if we consider the 


eral places (e.g. 19578, 1959 /; 
totality of the stages of a developmental phenomenon (e.g. the 
succession of “strategies” leading to conservation), the derivative 


character of the relation among behaviors is much more evident 
at the level of the early stages than at the level of the final stage. 
In other words, the elements common to several successive be- 
haviors, EE one from another, are more easily identified dur- 
ing the first phases of a process, whereas the coordination and 
the integration indigenous to the final stage may mask these par- 
tial identities and may give the impression that this stage is inde- 
pendent of the past, while at the same time opening the door to 


new progress. 
The second polarity opposes 
development. Although closely li 


or retard the successi 


continuity and discontinuity of 
nked to the preceding one, this 
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polarity is nonetheless essentially different from it in that it re- 
fers to the fine details of a developmental sequence, independent 
of its derivative or substitutive character. It thus touches on the 
quantitative aspect of development, at least in the sense that the 
variable under consideration must be able to be quantified in 
some fashion and thus be expressible in terms of a more or less 
differentiated set of intermediary values. The most objective cri- 
terion for deciding the continuity or discontinuity of a develop- 
mental phenomenon would thus be simply the number of iden- 
tifiable intermediary steps between the two behaviors concerned. 
Piaget hastens to say, however, that the efficiency of this cri- 
terion is necessarily restricted by the limits inherent in our re- 
search techniques and methods of observation (e.g. the impos- 
sibility of repeated examinations at too short intervals of time or 
age, the relative ambiguity and insensitivity of both “clinical” 
and standardized methods). This is why Piaget is wise in con- 
cluding (1957b; 1960a) that the discovery of intermediary val- 
ues can never be so exhaustive that we will be able to decide 
unambiguously whether the continuity or the discontinuity of 
the developmental phenomena under consideration must be re- 
garded as absolute or only relative. The decision taken will 
naturally be influenced by the nature of each theorist’s favored 
explanatory model and by the fineness of the scale of measure- 
ment to which each chooses to relate his observations. In this 
respect, it does seem that Piaget’s equilibration model (the con- 
cept of successive stages or levels of equilibrium) and his meth- 
ods of observation (research of a special kind aimed at uncover- 
ing behaviors specific to each level) suggest discontinuity rather 
than continuity, even if the importance accorded to behavioral 
sequences of the derivation type leads him to focus especially on 
intermediary behaviors. As he himself recalls, not without a cer- 
tain malice (1960a), he is variously accused of, on this occasion, 
neglecting the continuity suggested by the multiplicity of the 
intermediary behaviors, and on that occasion overlooking the 
discontinuity apparent in certain new intuitions that suddenly 
emerge even amidst very closely related and similar behaviors. 
This is undoubtedly the reason he willingly adopts the concept 
of equifinality proposed by Bertalanffy (1960a, 1960b) to desig- 
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nate, within an open system, the phases of relative stability that 
stud the evolution of the system—themselves interrupted by un- 
stable phases of transition—and that retain their stability until 
new conditions (internal or external) bring about new progress. 
We see to what extent this concept, which Bertalanffy illustrates 
with examples taken from areas as diverse as biology and archi- 
tecture (the relative stability of species, styles, and such, and the 
instability of the forms of transition), can easily be adapted to 
Piaget’s concept of stage. It is thus that the integrative and con- 
solidative characteristics of stage, with their associated activities 
of coordination, differentiation, and generalization, are reminis- 
cent of the equifinality of Bertalanfly’s main phases. Similarly, 
the instability of the transitional forms described by Bertalanffy 
ative imprecision of the intermediary 
(agGoa) says always dissolve into a 
as we attempt to establish their limits. 


is analogous to the rel 
stages, stages that Piaget 
myriad of substages as soon 


TRANSITION FROM ONE STAGE TO THE NEXT 


blem that is directly raised by the equilibration 
question of the factors responsible 
given level of equilibrium and the 


following level. It appears that the solution to this problem—no 


doubt the most fundamental in Piaget's system—is to be sought 
in an analysis, at once theoretical and experimental, of the very 


notion of equilibration. 


The second pro 
property concerns the thorny 
for the transition between a 


A thorough discussion is needed 
of the essential characteristics of this concept, with special em- 
phasis on: the autonomous and integrative function of this equi- 
libration factor in comparison with other developmental factors; 
the statistical mode of causality peculiar to equilibratory activ- 
ity; the priority of endogenous factors (constructive assimila- 
tion, internal reinforcement, and so on) over the exogenous fac- 
tors of development; and the possibilities of application of the 
equilibration model to different areas (perceptual, sensorimotor, 
and operational) of cognitive activity (see in particular Piaget, 
1957a, 1960a, 1960b, 1964a, 1966). It must also be remembered, 


The model of equilibration 
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however, that Piaget, in giving precedence to equilibration 
factors, obviously does not intend to exclude the complemen- 
tary necessity of the usual factors (maturation, experience, so- 
cial and cultural interaction, and such like), but only to indi- 
cate their insufficiency. Even though the notion of equilibration 
is difficult to define and does not easily lend itself to experi- 
mental analysis, it would seem unwarranted to reject it a priori 
as a mere figment of Piaget’s imagination or as a purely verbal 
substitute for more familiar concepts. We must at least recognize 
that Piaget has several times tried to concretize this equilibration 
model in terms of his well-known schema of sequential probabil- 
ities regulating the evolution of the successive behaviors or 
strategies of the subject. He has even tried (Piaget, 1957a) to 
formulate explicitly the economy of this schema in terms of 
seven fundamental laws whose principal function is to describe, 
in terms of probability, the privileged character of certain as- 
pects of the objects upon which the subject’s actions bear— 
aspects that are initially apprehended independently, one from 
the other, then in alternation, and finally in conjunction—as well 
as the preference accorded by the subjects first to static config- 
urations, then to transformations as such, and so on. 

We know that Piaget refuses to explain his equilibration model 
in terms of current conceptions of learning without submitting 
these conceptions to basic alterations concerning: (1) the role of 
external reinforcement, which does not directly figure in the pre- 
viously cited laws; (2) the role of repetition, the necessity of 
which is imposed much less by the need for a progressive estab- 
lishment of a behavior than by the contingencies peculiar to the 
mechanism of compensation that is in play during the acquisi- 
tion of this behavior; and (3) the concept of association, for 
which he wishes to substitute that of assimilation to emphasize 
the fact that the succession of behaviors one sees reflects the 
steps of a process of equilibration between the activities of as- 
similation to earlier schemata and the activities of accommo- 
dation to new requirements. This is the reason that he puts so 
much stress on the internal factors of autoregulation. Piaget is 
perfectly willing to appeal to the previous experience of the sub- 
ject to explain certain behaviors postulated by his model: (1) 
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that the child attends exclusively to certain specific aspects of 
the objects upon which bears his consideration; (2) that he is 
initially interested in the result of the transformations undergone 
by the objects, before becoming aware of the transformations 
themselves; and (3) that he does not at first note the possible re- 
lations among these different aspects or states. But the role of 
these experiences is then interpreted in terms of assimilation to 
acquired schemata whose tendency to generalize will sooner or 
later lead to a confrontation with obstacles of internal or external 
à dissatisfaction, the resistance of ob- 


origin (e.g. the subjects owr 

jects, perceptual contrasts), and this information will engender a 
readjustment and differentiation of these existing schemas. In 
short, if the most primitive behaviors (e.g. isolated consideration 
of a particular aspect, simple alternation) become progressively 
less probable than the more evolved behaviors (e.g. conjunction 
or coordination of complementary or opposed aspects, with par- 
ticular attention paid to the transformations themselves), it is 
thanks to these internal or external factors that bring the child to 
the first decenterings, the multiplication and diversity of which 
then open the way to anticipatory and retroactive activities lead- 
ing to more and more perfect forms of equilibrium. 

In the specific area of conservations, eminently favorable to 
the exercise of compensatory mechanisms, this equilibration 
model finds its most obvious and least controversial applications; 
but it could be shown also that Piaget (1941, 1957a, 1961a) 
to transpose this same model, mutatis 
f cognitive structures (perceptual, 
sensorimotor, concrete, and even formal operational). It remains, 
however, as it is pertinently noted by Flavell (1963) and Wohl- 
will (1966a), that the model is hard to put into concrete form as 

cal and somewhat artificial 


soon as we go beyond the hypotheti 
situation where a given subject must resolve a particular prob- 


lem in a limited period of time and as soon as we move to the 
more general context of the real and spontaneous development of 
the child over a period of several years. It then becomes very 
difficult to conceive what the succession of strategies, the growth 
of sequential probability, the particular role of the internal or 
external factors mentioned above, might concretely mean in a 


manages well enough 
mutandis, to other types © 
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given developmental phenomenon spread over several years and 
inserted in a matrix of related phenomena—with all of the 
décalages and interactions that might ensue. This is why it 
seems better to liberalize the pattern a bit by disregarding those 
of its elements that are too specific or limited to a particular type 
of cognitive structure (e.g. necessary conflict between the oppos- 
ing dimensions of an object, succession or systematic alternation 
of simple strategies), to return to the fundamental position al- 
ways advocated by Piaget: that the evolution of behavior within 
any cognitive sector is characterized by the progressive coordi- 
nation of actions (overt or interiorized) that are at first isolated 
one from the other and centered on the results produced each 
time, rather than on the changes that link these results. This less 
strict formulation conserves the essentials of the equilibration 
model, and even of the probabilistic schema, insofar as the suc- 
cessive decenterings just evoked condition and determine the ac- 
tivities of simultaneous compensation of the real or possible 
transformations, and insofar as this evolution can be divided into 
stages, themselves interpretable as a sequence of ever more 
probable behaviors. Thus reduced to its essentials, the equilibra- 
tion model can first be applied to the succession of stages within 
each principal period of evolution (i.e. the sensory-motor, con- 
crete operational, and formal operational periods), since it can 
be shown that each one lends itself to this same fundamental 
type of analysis. 

It is more difficult, however, to apply to the succession of the 
major periods themselves because the concept of vertical décal- 
age rather implies the recommencement—twice repeated—of the 
same equilibratory process, beginning with an initial state of 
equilibrium at the end of the sensorimotor level. It is unfor- 
tunate, however, that the actual mechanism of these recom- 
mencements has not been well specified by Piaget. With refer- 
ence to the first transition—from sensorimotor to representa- 
tional thought—he stressed the role of the new demands created 
by the inadequacy of sensorimotor coordinations (simple em- 
Pirical reversibility by successive actions) and the limitations of 
the field of application of these coordinations, i.e. their restric- 
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tion to immediate time and space (Piaget, 1947).° With refer- 
ence to the second recommencement—from concrete operational 
to formal operational thought—Piaget (1957a; Inhelder & 
Piaget, 1955) points to new disequilibria resulting from the 
demands of new problems (e.g. the domain of the possible), 
which are beyond the field of application of the previous level of 
equilibrium. Each of these recommencements results in a new 
form of equilibrium that is more comprehensive than its prede- 
cessor: thus, the logical and representational reversibility of the 
concrete operational level surpasses the simple empirical and ex- 
perienced reversibility of the sensorimotor level, but it is itself 
exceeded by the complete reversibility attained at the formal 
level (by fusion of the two partial forms of reversibility— 
inversion and reciprocity—up to this point functionally inde- 
pendent, but hereafter united by the requirements of the real 
and propositional combinatorial system). Although Piaget insists 
on this hierarchization of forms of equilibrium, he is nevertheless 
careful to specify that the equilibrium attained at any given 
level is itself not abolished at a higher level, but rather retains its 
effectiveness within its particular area of application, although 
integrated into and surpassed by higher levels of equilibrium. 
We recall that Bruner (1959) regards this concept of equili- 
bration as useless, merely a new name used by Piaget to desig- 
nate properties that he attributes elsewhere to intellectual opera- 
tions, and as providing not the slightest explanation of how the 
child might be thought to pass from a given level of equilibrium 
to the following level. However, Piaget has already shown 
(1957a) that the concepts of equilibration and reversibility, 
complementary though they might be, differ from one another as 
a functional mechanism differs from its corresponding structure, 
and that unless this internal mechanism of equilibration is added 
to the other factors of development, we could explain neither the 


° In the same context, see the brief but illuminating recent analysis by Piaget 
(1964b) of the dual abstraction necessary for the transition from the sensorimotor 
grouping of displacements to the corresponding representational grouping. See 
also the very careful analysis that he makes (1961a, 1963b) of the fundamental 

isomorphisms, perceptual constancy, 


difference separating, in spite of very strong ? p á 
sensorimotor object permanence, and the conceptual conservation of the object. 
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formation of the operational structures in general, nor certain of 
their properties in particular (e.g. the importance of virtual or 
possible operations). If it is true that a recourse to equilibration 
is not itself sufficient to concretize the mechanism of transition 
between two successive levels and that experimental verification 
is required in addition, it remains at least possible to conceive, as 
Piaget suggests, that the very increase in mobility and in radius 
of action of the form of equilibrium peculiar to a given level 
raises new problems and provokes a new beginning, on a higher 
scale, of the equilibratory mechanism. It is this last aspect which 
Papert (1963) wanted to illustrate by his parabola of balls,° in 
insisting on the primacy of internal factors—Papert speaks here 
of autonomy, emergence, and so on—in these successive re- 
equilibrations, each particular state constituting the best possible 
adaptation to the momentary situation. In the same context, 
Papert feels that the process of equilibration presupposes what is 
essentially a simultaneous evolution of several different opera- 
tions,+ the resulting interactions and contradictions having pre- 
cisely the effect of rendering possible and of stimulating the 
evolution of any particular operation. The problem raised by 
Bruner is perhaps, according to Papert, the result of a kind of 
confusion between equilibrium and equilibration, the first of 
which referring to a relatively final state, and the second imply- 
ing rather the gradual growth of the system and thus the very 
succession of these different states. To help in better formulating 
the developmental problem, the same author proposes in the 
same article an abstract mathematical model—which he calls the 
“genetron” by analogy with the “perception”—representing a 
cybernetic system in which the progressive adaptation of behay- 
iors comes about by successive levels of equilibrium. The modifi- 
cations of the system would here be determined in a sequential 


° In a simple physical system, of unequally distributed plateaus, the converging 
descent of two balls of different temperature towards a lower plateau, so that the 
equilibrium of the position thus attained by the balls at a given moment, rele: 
by the simple fact of their collision, 
tion of temperature). 

ł Papert speaks of operations, but the context does not clearly indicate whether or 
not he is referring to a single conceptual content. 


ases, 
a second process of equilibration (equilibra- 
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manner by the kind of “errors” committed, even though the usual 
cybernetic models are in themselves less suited to represent the 
development of mental structures in an organism that starts at 
zero (without previous programming) and must construct them 


at all points. 


The empirical analysis of equilibration Whatever might be 
the theoretical or logical plausibility of the equilibration model, 
nothing can substitute for the empirical sanction of fact. An 
experimental test could first look to systematic observation of the 
spontaneous development of the child. Longitudinal methods are 
no doubt the instruments par excellence for such an observation 
and are an indispensable complement to cross-sectional methods. 
As Wohlwill suggests (1966a, 1966c), an intensive analysis of 
certain well-defined aspects of the behavior of children in their 
natural surroundings—an analysis that should at least extend 
over brief ontogenetic periods—is indispensable to those who 
wish to look closely at the problem of transition between stages 
and that of developmental concurrences among different con- 
ceptual contents, if not among different groupings or operations 
dealing with the same concept. Such an analytical method also 
facilitates the tracking down of interactions among contents or 
operations in process of formation, interactions that Piaget and 
Papert have said are a necessary part of the equilibration pro- 
cess. 

These methods of simple observation must naturally be sup- 
plemented by other experimental techniques, namely, systematic 
interventions capable of stimulating the rhythm of development, 
that is to facilitate or channel it, if not to accelerate it in the 
strongest sense of the term. The objective of such interventions, 
which augment those that normally occur in spontaneous devel- 
opment, is not so much the actual acceleration of the develop- 
ment of a particular concept, as though it were a matter of in- 
ducing the subjects to pass rapidly through the normal stages. 
It rather consists in seeking out and analyzing the factors re- 
sponsible for any such eventual accelerations, thus furnishing 
the essential elements of solution to the theoretical and practical 
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problems involved in understanding spontaneous intellectual de- 
velopment and the rational application of this knowledge to edu- 
cational purposes. 

Recourse to these systematic interventions raises directly the 
fundamental question of the provoked learning or training of 
logical structures. We know that the very possibility of such 
training is still sharply discussed, and that the data currently 
available are not yet really decisive (Laurendeau & Pinard, 
1966). When training efforts fail, the temptation can be strong to 
conclude without further ado that training is impossible, instead 
of more prudently concluding that the methods employed may 
have been inefficient and thus asking if these methods had 
actually touched the essentials of the process to be stimulated; at 
the same time, one would want to guard against the inherent 
dangers of a line of reasoning that would amount to assuming, 
almost a priori, the possibility of such training.° If the experi- 
ments are successful, however, the temptation is then strong 
either to contest post factum the logical character of the struc- 
tures learned on the grounds that the training of genuinely logi- 
cal structures is a theoretical impossibility, or to accept the 
results prima facie, without questioning the authenticity of the 
observed learning, and to conclude (prematurely) that the tech- 
niques employed actually tapped the factor responsible for these 
acquisitions, without taking care to distinguish sufficient from 
necessary conditions. The misunderstandings that clutter the 
current literature on the learning-training of logical structures 
may involve either the methods of training used or the authen- 
ticity of the presumed learning itself. 


The methods of training The majority of the training meth- 
ods used have nothing to do with equilibration itself and are 
confined to the purely empirical processes of classical learning 
situations—repeated trials with failures or successes, externally 
reinforced, simple repetition of empirical feedbacks and such 


° Where indeed to trace the line of demarcation between the insufficiency of a 
method and the incapacity of the subject, as Spitz recently asked, for example, in 


the face of some rather negativistic reactions by Birch and Bijou (Garrison 1966)? 


—— — — 
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like. Some will occasionally resort to methods founded on opera- 
tional exercise, but will then neglect the importance of empirical 
factors or will resolutely limit themselves, out of fear of inducing 
pseudolearning, to procedures that are wholly nondirective or 
perhaps too indirectly linked to equilibration itself (Morf, 1959; 
Smedslund, 1961b, 1961c; Wohlwill, 1959). Others will ulti- 
mately adopt extremely directive, didactic procedures (Kohn- 
stamm, 1963), without always being sufficiently aware of the 
possibility that such procedures may yield an ungeneralizable 
pseudolearning. Nevertheless, if we wish to stay within the con- 
text of Piaget’s system and examine certain of its constructs, we 
should, before proceeding to a more precise analysis, begin by 
introducing, all at once via a unified procedure, both factors of 
an empirical nature (e.g. repetition, reinforcement) and factors 
of a logical nature (e.g. activities of coordination, of anticipation, 
of transformation), using all means to avoid the spurious and 
artificial acquisitions to which an excessively automatic use of 
empirical factors as well as an overly didactic use of logical fac- 
tors can lead. , 

It is true that a method of training founded principally on 
equilibration is not easy to program; but the major obstacles are 
already overcome as soon as We have chosen to center the exper- 
iment specifically on the concept of grouping and to reduce to a 
minimum the differences of conceptual content (and even mate- 


rial content) between the training and criterion tasks. In other 
ourselves to the first level of general- 


words, if we choose to limit firs i 
ization required by the structural characteristic previously stud- 
ied, we reduce, by this very fact, unwanted variance due to the 
different forms of décalage. The training can thus bear either 
upon a particular grouping or on several at once, and in both 
cases, it can take either a global or an analytic form. If it 
concerns the learning of a particular grouping, the global tech- 
nique applies to the whole set of operations ee in w 
grouping, and its concrete form will depend upon the nature 0 
the task, It could be centered on more OF less didactic exercise in 
the compensation and anticipation of transformations, in the 
acquisition of a conservation, for example, where the material 


exhibits clearly complementary dimensions (e.g. height versus 
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width °). The experiments conducted by Carbonneau (1965) 
and Fournier (1965) well illustrate this method. The technique 
is especially centered on exercise in coordinating actions in the 
context of learning to master a classification or seriation task, for 
example. The essence of this technique is to provoke decentering 
activity in the subject by the diversity of complementary actions 
and anticiptations that we ask him to make: thus, in training the 
child on a task involving the inversion of linear order (Piaget, 
1946), wherein the subject must predict the order in which 
beads inserted in a tube will reemerge from it after one or more 
rotations of the tube, the experimenter would ask him to predict 
and verify the result of several rotations in the same or opposite 
direction, with or without the tube, with fixed or movable ele- 
ments, with or without a rod that threads the beads, and so on, 
to prepare the subject to grasp the essential principle of the re- 
ciprocal cancellation of two simple rotations. If we instead 
choose an analytical technique—perhaps combined with, or at 
least to be compared with the preceding one, the training will 
then consist in having the subject carry out the elementary oper- 
ations included in every grouping. Thus, whatever the grouping 
involved (e.g. classification, seriation), the technique will always 
amount to giving the subject practice with the same fundamen- 
tal operations (direct composition, inverse composition, associa- 
tivity, and so on), although assuming different concrete form 
according to the particular grouping that is the object of the 
training (e.g. if it is a question of classification, have the subject 
perform the various additions and (inverse operation) subtrac- 
tions of classes, have him note or anticipate the equivalence of 
two different sets constituted from the same elements, and such 
like), 

Whatever might be the merits of a technique limited to a par- 
ticular grouping, it would perhaps be even more promising to 
train the child on more than one grouping at a time (e.g. a clas- 


° Even when the transformations carried into effect do not emphasize the “com- 
petitive” aspect of the dimensions of the material (e.g. the pouring of a quantity 
of water from a cylindrical v 


ase into an asymetrically shaped vase), the initial 
and final dimensions remain correlative and lend themselves to compensatory 
exercises, 
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sification and a seriation). The situation thus created would then 
be a little less artificial and theoretically more favorable to the 
activation of an equilibration process, if we take into considera- 
tion the structural properties of the concept of stage and the role 
played in the equilibration process itself by the interactions or 
even the interferences or conflicts that could then ensue (Papert, 
1963). 

In short, in spite of their diversity, the techniques advocated 
here are each directly focused, in one way or another, on the 
stimulation of the equilibratory mechanism; although sustained 
by factors of an empirical and even partly didactic nature, the 
efficiency of these factors remains subordinated to that of the 
principal, equilibratory one. It would be extremely interesting, 
however, in trying to analyze the role of social interactions, to 
adapt the preceding techniques to various group learning situa- 
tions (e.g. the same experimenter working with several subjects 
at a time, the subjects being at similar or different initial levels, 
with free communicative exchanges), as in the experiments of 


Palmer (1967),° and Brison (1965), for example. 


The authenticity of acquisitions There remains to be men- 
tioned one last question, already sporadically alluded to in the 
preceding pages, which may constitute a major source of ambi- 
guities and misunderstandings: it is the question of the authen- 
ticity of the learning obtained. We know the reservations of the 
Geneva group concerning the possibility of training logical struc- 
tures. In connection with several experiments directly inspired 
by his hypotheses, Piaget (1959¢) would no doubt acknowledge 
the efficacy of certain techniques. However, he would make clear 
that the learning obtained (“acceleration ) is always very lim- 
ited when it rests on simple empirical feedback instead of being 
founded on exercises that bear on the operations in question or 
on related operations. He would insist upon this interdependence 
among operations, asserting that a given dequisiton always de- 
pends upon earlier acquisitions to which it is functionally linked. 
In contesting the logical authenticity of certain, apparently suc- 


° Personal communication. 1967 
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cessful laboratory acquisitions (Smedslund, 1959), Piaget 
(1959b, 19642) is quick to interpret them as purely empirical 
affairs, bearing more on the physical contents to be structured 
than on the logical form of the structuring activity itself. In spite 
of the obvious dangers of such post hoc interpretation, this kind 
of rejoinder is often very valuable and in particular seems to be 
justified as regards the Smedslund experiment just cited. The log- 
ical character of the successful acquisitions achieved by Kohn- 
stamm (1963) is also questionable because of the extremely 
directive nature of the training method used, a method that 
could have led to a subtle form of rote learning (see the criti- 
cism of this study by Pascual-Leone & Bovet, 1966). Additional 
controls of the sort used by Lasry (1965) and by Kohnstamm 
himself ° are clearly needed, although they may not be sufficient. 
The same question can also be asked when we want to evaluate, 
even in experiments that do not involve learning, the level of 
functioning reflected in the subject’s solution to putatively logi- 
cal tasks. Laurendeau & Pinard (1962) have already called at- 
tention to examples of such misdiagnoses (Deutsche, 1937; Haz- 
litt, 1930) in the area of causal thought, and Morf (1957) has 
made a very pertinent analysis of the differences between types 
of solution that are purely intuitive and those that are truly 
formal. Certain authors have occasionally been sensitive to the 
danger of confusing perceptual and conceptual approaches. 
Borelli-Vincent (1951, 1956, 1957), for example, recognizes that 
it is not possible, especially when one cannot rely on the sub- 
jects’s verbal explanations, to separate the conceptual and per- 
ceptual elements in experiments on ordinal seriation and cate- 
gorical thinking. Furth (1964) also wonders, not without cause, 
if his experiment on conservation of weight may not simply have 
assessed kinesthetic sensitivity, and Braine (1962) was likewise 
concerned as to the extent to which the relation of class inclu- 
sion that he taught to very young children with the help of a 


nonverbal technique could be reduced to mere perceptual dis- 
crimination. } 


° Personal communication. 1967 


t See in this connection the control experiment carried out by Caouette (1961) 
o 


n the difference between a logical inclusion of classes and a discrimination of a 
perceptual nature. 
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Also relevant here is the famous controversy between Fraisse & 
Vautrey (1952a, 1952b) and Piaget (1957c) on the possible dis- 
tinctions and confusions between perceptual and conceptual 
speed. Likewise not to be ignored is the rather byzantine quarrel 
in which Braine and Smedslund (Braine, 1959, 1964; Smedslund, 
1965, 1966) were engaged for a long time, initiated by an experi- 
ment conducted by Braine on the transitivity of length. It would 
no doubt be imprudent, if not impertinent, to reopen that de- 
bate. It may have been, however, that the initial criticism made 
by Smedslund badly diverted this debate by focussing it on a 
particular form of pseudotransitivity, concerning the number of 
comparisons the child must make before we can assess the infer- 
ential character of his answer. In fact, even in admitting that two 
comparisons were necessary in Braine’s original experiment (e.g. 
A > B and B > C, B being the common measure under which, 
finds a reward), still nothing seems to 
e the logical inference leading to the 
ly need to observe the two compari- 
(simple successive juxtaposition ) 
and to react positively to that one of the two (A > B in the 
present example) that permits him to apply an already over- 
learned schema (the task situation itself excluding the possibility 
of finding the reward under B). In short, out of a wish to purify 
Piaget’s experimental test by stripping it of its verbal and active 
components, it may be that Braine has thereby taken away its 
logical and operational character and has transformed it into a 
simple test of perceptual generalization, without even being able 
to use the child’s verbal explanations to help estimate his level of 
functioning. Until contrary evidence is offered, the least ambigu- 
ous method for studying the aptitude of the child to master log- 
ical transitivity still consists in putting him in a situation where he 
must exert himself actively and examine closely, using all avail- 
able means (including verbal information), the logic of his com- 
parisons, as in Piaget's classic test for transitivity of the weight 
relations. : r . 

Be that as it may, these various misapprehensions obviously 
show that we need to turn to more and more: MEGS criteria for 
judging the logicality of what is learned. Piaget (196 4a) recalled 
not long ago the importance of such criteria when he said that 


however, the child never 
oblige the subject to mak 
conclusion A > C; he may on 
sons made before him in turn 
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we must always ask ourselves, when confronted with an appar- 
ently successful case of induced acquisition of logical structures, 
about the persistence of the acquisition, the extent to which it 
shows transfer and generalization, and the initial operational 
level of the subjects trained. Still more recently, Inhelder, Sin- 
clair, Bovet, & Smock (1966) also underlined, a propos the labora- 
tory acquisitions reported by Bruner (1964), the necessity of 
such criteria to clarify the nature and meaning of the training 
techniques used, as well as to get a precise estimate of the actual 
limits of the results obtained. We ought finally to mention the 
critical analysis made by Kohnstamm (1966) of the multiple cri- 
teria that might be used in evaluating the authenticity of an 
acquisition, either during the course of the training itself (e.g. 
suddenness of solutions, relative ease of learning), or after the 
training is completed (e.g. stability over time, transfer to other 
situations, a sense of logical necessity expressed in the verbal 
explanations of the subject, resistance to counter-suggestion, 
comparison with the same behaviors in older subjects). In prac- 
tice, it does seem that we must use several of those criteria—and 
still others will surely be added to the list—since each one ap- 
plies to a different aspect of the same process and has its own 
particular limits and shortcomings. 

This problem of the criteria of logicality, i.e. of the logical- 
operational status of what is acquired, is much too vast to be sys- 
tematically discussed here. It is sufficient to note the almost total 
absence of experimental certitude on this fundamental question. 
If we wish the study of the induced acquisition of logical struc- 
tures to throw some light on the equilibratory characteristic of 
the stage concept, it is indispensable to have at our disposition 
solid criteria that leave little doubt as to the authenticity of what 
is apparently acquired. Now it is quite possible, in this respect, 
that the phenomenon of generalization, that is, the capacity to 
extend the acquisition of an operational structure to related situ- 
ations, constitutes the most promising criterion, not only because 
this criterion lends itself to empirical analyses, but also because 
it is directly linked to Piaget’s conceptions of the nature of 
operational thought and of developmental stages. It is necessary, 
however, to specify that the generalization under discussion is not 
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of the interconcept type, involving transfer from some initially 
acquired conceptual content to one or more different contents 
not yet mastered at that moment. This type of generalization 
—similar to the usual forms of transfer—implies by definition 
the possibility of horizontal décalages or of various asynchro- 
nisms. The causes of these décalages are no doubt interest- 
ing and useful to analyze, but their existence obviously pre- 
cludes the utilization of these forms of generalization as criteria. 
The generalization here considered is located rather at an intra- 
concept level, and thus applies to the different groupings or con- 
stituent operations of the same conceptual content. We see 
immediately that such a criterion is in an essential way inte- 
grated into the previously analyzed structural characteristic of 
stages, and that its use is necessarily contingent upon the find- 
ings of future experiments on the existence of Piaget’s structures 


densemble. 
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Conservation and Concept Formation 


DAVID ELKIND 


t assessment presupposes a particular 
hether we ask a subject to define a 
to make a perceptual discrimination, 


some particular conception of a concept is presupposed. The 
same holds true for Piaget’s conservation problems. Whenever 
we attempt to assess a child’s quantitative concepts by having 
him judge the equivalence of quantitative relations across a 
transformation in the appearance of one of the components of 


the relation, a particular theoretical framework is implicit in the 
he present paper is to describe the 


procedure. The purpose of t $ 
approach to the concept that inheres in Piagets conservation 


problems. 

As might be expected from Piaget’s novel method of assess- 
ment, his notion of a concept is quite different from that held by 
the majority of psychologists. It is instructive, therefore, to 
compare the Piaget conception with the more commonly held 
version implicit in the discriminative response method of concept 
evaluation. These two versions, of the concept, the Piagetian and 


Every method of concep 
theory of a concept. WI 
word, or to sort objects, or 
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discriminative response versions, will first be compared with 
respect to the kind of environment variability they assume and 
then with respect to the nature, function, and content of con- 
cepts. À final section of the paper will summarize the discussion 
in terms of a broader schema of conceptual thought and attempt 
to draw some general conclusions concerning the psychological 
conception of the concept. i 


Environmental variability 


Psychologically speaking, concepts are mechanisms by which we 
attempt to cope with the multiplicity of nature. By means of 
concepts we are able to deal with new events in terms of past 
experience and thus effect a psychic economy through the avoid- 
ance of additional efforts at adaptation. Environmental varia- 
bility, however, which is the starting point for all conceptions of 
the concept, can be regarded as being of two major types. A con- 
sideration of both types of variation is necessary if we are to dis- 
tinguish between the Piagetian and discriminative response ver- 
sions of the concept. All of the other differences between the two 
versions of the concept have their origin in this fundamental di- 
vergence between types of environmental variability. 

The first type of environmental variability, and the one with 
which we are most familiar, has to do with the variation between 
things. Dogs and cats, houses and cars, people and animals, 
differ from one another in their spatial discreteness even though 
they may share some common features or attributes. This is the 
sort of variation we have in mind when we speak of the concept 
as a “common response to dissimilar stimuli” (T.S. Kendler, 
1961). The most general relations between these diverse ele- 
ments are those of similarity and difference and these can occur 
at the level of whole objects, of properties of objects, or at the 
level of relations between objects or groups of objects. What is 
central to this form of variation is that the similarities and 
differences inhere in spatially discrete elements. 

In addition to this variability between things, there is also a 
variability within things. A young tree and a child both grow, a 
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block of ice melts, a house gets painted, and a car gets dented. 
All of these variations, of form, of state, and of appearance occur 
within a given thing. It is this sort of variation with which the 
Piaget version of the concept is concerned. Whereas the varia- 
tions between things confronts us with problems of similarity 
and difference, the variation within things confronts us with the 
problem of states and transformations. Piaget’s conservation 
problems are quite clearly designed to ascertain how well the 
child can cope with the variability within things. 

It is probably fair to say that psychology as a whole has 
tended to ignore the variability within things. Certainly, from a 
certain point of view, many of these variations are trivial. Yet 
Piaget has shown that from the standpoint of the child many of 
these variations are not trivial and pose genuine problems of 
conception. During infancy, the disappearance of the object is a 
within-things form of variability to which the child must adapt. 
Later, the child will have to deal with the various facets of 
topographical space that appear different from different perspec- 
tives. Indeed, at each level of development the child must adapt 
to new forms of within-things variability. As we shall see in the 
following sections, a consideration of the problems posed by 
within-things variability leads to a unique conception of the 


concept. 


The nature of a concept 


Within experimental psychology, @ concept is usually thought of 
in terms of psychological similarity. Although, as Wallach 
(1958) has shown, psychological similarity can be defined in at 
least four ways (as a common stimulus element or elements, as a 
common response, as a common mediating response, and as a 
principle or rule) it is always regarded as the essential feature or 
aspect of the concept. This is not to say that psychological simi- 
larity taken as the essence of concepts does not present theoreti- 
cal difficulties. H. H. Kendler (1964) is only the latest in a long 
list of writers including Cassirer (1923) to conclude that psycho- 
logical similarity is always a post hoc determination. This is true 
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because everything that we know is like everything else in some 
way and psychological similarity does not explain but only de- 
scribes why some things and not others are grouped together. 
Meat, cherries, and tomatoes, for example, are all red, sweet, and 
juicy but are not classed close together. Despite this limitation in 
its explanatory power, the notion of psychological similarity does 
provide a useful way of describing the nature of the concept 
assessed as a discriminative response. 

When we turn to Piaget’s conservation problems, however, it 
becomes immediately clear that for Piaget, the essence of a con- 
cept does not lie in psychological similarity but rather in psycho- 
logical identity or conservation. This view is stated most emphat- 
ically in The Child’s Conception of Number: 


Every notion, whether it be scientific or merely a matter of common 
Sense, presupposes a set of principles of conservation, either implicit 
or explicit. It is a matter of common knowledge that in the field of 
empirical sciences the introduction of the principle of inertia (con- 
servation of rectilinear and uniform motion) made possible the devel- 
opment of modern physics, and that the principle of conservation of 
matter made modern chemistry possible. It is unnecessary to stress the 
importance in everyday life of the principle of identity; any attempt 
by thought to build up a system of notions requires a certain perma- 
nence in their definitions. In the field of perception, the schema of the 
permanent object (Piaget, 1954; First published in 1937) presupposes 
the elaboration of what is no doubt the most primitive of all these 
principles of conservation. Obviously, conservation, which is a neces- 
sary condition of all experience and reasoning, by no means exhausts 
the representation of reality or the dynamism of the intellectual pro- 
cesses, but that is another matter. Our contention is merely that con- 
servation is a necessary condition for all rational activity and we are 
not concerned with whether it is sufficient to account for this activity 
or to explain the nature of reality (1952, p. 3): 


The difficulty with this passage and with grasping the principles 
that Piaget regards as the essence of the concept, lies in the fact 
that he brings together two seemingly quite different notions, 
namely, identity and conservation, Each of these ideas needs to 
be considered in more detail. 

The principle of identity is derived from logic and philosophy 
and has been described by Aristotle as a law of thought: 
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For not to have one meaning is to have no meaning and if words 
have no meaning our reasoning with one another and indeed with 
ourselves, has been annihilated; for it is impossible to think of any- 
thing if we do not think of one thing; but if this is possible, one name 
might be assigned to the thing (Aristotle, 1941 ed. Bk IV, p. 738). 


On the logical plane, the principle of identity is often formulated 
as the tautology A = A and asserts that in any rational argument 
the definition of a term must remain the same throughout the 
whole argument. 

In contrast to the principle of identity, which is logical in ori- 
gin, principles of conservation are physical principles that derive 
from experience and represent the result of physical measure- 
ments. Nonetheless, as Bridgman points out in the passage below, 
physical principles of conservation always idealize experience: 
to be an exact statement in the 
t be a definite clean-cut thing 
ith no penumbra.° But this sort 
far as we know does not corre- 
if our objects are tumblers of 


If the statement of arithmetic is 
mathematical sense the object mus 
which preserves its identity in time w. 
of thing is never experienced and as 


spond to anything in experience. . - - 
water, we discover when our observations reach a certain stage of 


refinement that the amount of water is continually changing by evap- 
oration and condensation and we are bothered by the question of 
whether the object is still the same after it has waxed and waned. Com- 
ing to solids, we eventually discover that even solids evaporate or 
condense gases on them, and we see that an object with identity is an 
abstraction corresponding exactly to nothing in nature (our italics) 
(1960, p. 35). 

It is clear then that the logical principle of identity is con- 
cerned with the definition of an object whereas the principles of 
conservation deal with an object’s measurable sameness across 
time. What both have in common is their concern with single- 
ness rather than with multiplicity. 

From Piaget's standpoint, there is good reason to bring the 
logical principles of identity and the physical principles of con- 
servation together. This is true because, for Piaget, thought de- 
rives both from logic and from reality. The principles of identity 
and of conservation to which Piaget refers on the psychological 


° That is to say, no area of uncertainty (DE.). 
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plane are thus analogous to the logical principle of identity and 
the physical principles of conservation. The psychological prin- 
ciple of identity, for example, is the analogue of the logical prin- 
ciple in the sense that it ensures the permanence of the objects of 
thought and/or, their definitions. Likewise, the psychological 
principles of conservation ensure the permanence of real objects 
across changes in their appearance. The psychological principles 
of identity and conservation thus parallel the functions of the 
logical principle of identity and the physical principles of 
conservation. But they are only parallel. The forms that the 
psychological principles of identity and conservation take are 
dependent on mental structures and the rules that govern their 
activity, and these are only partially isomorphic with the princi- 
ples of logic and physics. 

Once the psychological principles of identity and conservation 
are posited as being central to every concept, the correctness of 
the contention is easy to demonstrate. My concept of a dog, for 
example, presupposes not only that there is a group of creatures 
that are alike or the same in some way but also that any one of 
those creatures will retain his “dogness” both in thought and in 
experience. Without such a presupposition the concept of dog 
would be useless since the criteria by which I think of, or recog- 
nize, dogs would shift from moment to moment. Every concept 
thus necessitates both a permanence in its definition and in the 
existence of its exemplars. 

The Piagetian version of the essence of a concept does not, 
therefore, contradict the discriminative response version, it com- 
plements that version. Concepts presuppose both principles of 
similarity and principles of identity and conservation. Psycho- 
logical similarity has to do with the ties that bind the members 
of a class to one another whereas conservation and identity have 
to do with ties that bind together the various states, forms, or 
appearances of a single exemplar of the class. 


The function of a concept 


It has already been suggested that the most general function 
concepts serve is that of adaptation. Concepts can, how- 
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ever, serve the goals of adaptation in multiple ways. From the 
discriminative response point of view, the major adaptive func- 
tion of the concept is the classification of new exemplars. By 
eliminating the need for fresh adaptations each time a new 
object is encountered, classifficatory responses help to maintain 
the psychic economy. Conservation and identity also serve an 
adaptive function but in a somewhat different way. We have 
already noted that identity preserves the object in thought 
whereas conservation preserves it in experience, but have not ex- 
pressed how this is accomplished. In effect, conservation and 
identity principles enable us to conserve objects in reality by en- 
abling us to distinguish between the real and the apparent both 
in thought and in reality. For our purposes only a consideration 
of this discrimination in experience is required. Before attempt- 
ing to describe the psychological criteria for this discrimination, 
a few concrete examples may help to illustrate its behavioral 
manifestation. 

Consider the conservation task concerned with the assessment 
of the child’s conception of substance (Elkind, 1961; Piaget 
and Inhelder, 1962). The child is shown two balls of clay and is 
asked if they both contain the “same amount” of clay. After the 
child agrees that this is the case, one of the balls if rolled out 
into a “sausage” and the child is asked whether the ball and the 
sausage contain the same amount of clay. Now when a particular 
child, who has been presented with this conservation task, says 
that the ball of clay contains as much clay as the sausage, it is 
legitimate to say that he has distinguished between appearance 
and reality; between an appearance ee atid 4 real iden- 
tity. This is legitimate because as has been pointed out elsewhere 
(Elkind, 1967) the ball and the sausage present the child with 


an illusion such that the sausage “looks like” it has more clay 


than the ball. A correct judgment on the part of the child thus 
requires that he overcome this illusion or distinguish between a 
real and an apparent variation. And, in general, every conserva- 
tion problem forces the child to distinguish between how things 
look and how they really are. | 

Piaget’s conservation problems thus point to a new conceptual 
function, the discrimination between the real and the apparent. 
Once this function is pointed out, it is obvious that it holds for 
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all concepts. On the plane of concrete concepts, for example, our 
concept of tree enables us to distinguish between a picture of a 
tree and a real tree. At a more abstract level, our concept of 
“democracy” enables us to discriminate between those countries 
where democracy is real and those where it is only apparent. If 
we grant, therefore, that the discrimination between the appar- 
ent and the real is a function of all concepts, we still need to en- 
quire into the experiential criteria upon which this discrimina- 
tion is based. 

On what grounds, then, do we make this discrimination be- 
tween the apparent and the real? One possibility might be that 
the discrimination is geared to those transformations that pro- 
duce permanent effects as opposed to those which produce 
reversible effects. According to this criterion, the man who has 
acquired a suntan has undergone only an apparent transforma- 
tion since there will be an eventual return to the original skin 
color. On the other hand, the transformation of sand and other 
ingredients into glass would be regarded as a real transformation 
since it is a permanent and nonreversible effect. Many other 
examples could be cited, but these should suffice to illustrate 
that one could make a case for the argument that the discrim- 
ination between the apparent and the real corresponds to a dis- 
crimination between those transformations that have reversible 
effects as opposed to those transformations that have permanent 
effects. 

Although adequate in some cases, however, this criterion of 
permanence and reversibility breaks down in many others. lce, 
for example, is the result of a reversible transformation but is 
nonetheless regarded as real and possesses a distinct name, Con- 
trariwise, many permanent transformations, say of an egg from a 
liquid to a solid state, or of a nut from a shelled to an unshelled 
state, are regarded as apparent. At least we still call them eggs 
and nuts, Quite clearly language and culture play a part in these 
designations, but even so it is nonetheless true that permanence 
and reversibility of transformations do not provide a reliable 
guide to the differentiation between what is regarded as real and 
as apparent. 


A more general criterion for this distinction between the ap- 
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parent and the real would seem to reside in the distinction 
between within-things and between-things variability. What 
seems to be crucial in the determination of whether variations 
are regarded as real or apparent does not lie in the transforma- 
tions that produced them, so much as whether they are varia- 
tions within one and the same thing or between different things. 
Getting a suntan, the hardening of an egg, the shelling of a nut 
are all within-things variations and hence are regarded as appar- 
ent. Variations between things, on the other hand, such as the 
variations between dogs, or between cars, or between houses are 
all regarded as real. To be sure there are some exceptions and ice 
is a case in point since it is a within-things variation that is 
regarded as real. It seems, nonetheless, that in most cases, the 
term “real” is attached to variations between things whereas the 
term “apparent” is attached to within-things variation. 

In summary then, the function of concepts implicit in the con- 
servation problems is the discrimination between the apparent 
and the real, This discrimination, however, does not seem to be 
made primarily in terms of whether the variations so described 
are permanent or reversible. On the contrary, the most general 
criterion on which this discrimination seems to be based is the 
distinction between within- and between-things variability. Ac- 
cordingly, it appears that the same type of environmental vari- 
ation that gives rise to principles of identity and conservation 
also gives rise to the discrimination between the apparent and 
the real. This is not really surprising. Once the child discovers, 
or constructs, the principles that compensate for the various 
appearances an object or property may take, he has at the same 
time differentiated between within- and between-things variabil- 


ity, i.e. between real and apparent variation. 


The contents of a concept 


Every concept has two different kinds of content. There is, first, 
the realm of objects that the concept points to or denotes and 
which constitutes its extensive content. This is the kind of content 
with which the discriminative response version of a concept is 
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concerned. From the discriminative response point of view, the 
content of a concept includes all the exemplars of the concept, 
say “dog,” that the subject can correctly classify. In practice, we 
seldom test the limits of the extensive content of a subjects con- 
cepts directly. Instead, we tend to sample the extensive content 
by presenting the subject with exemplars that vary rather widely 
among themselves, say by presenting him with a Great Dane and 
a Chihuahua. 

Concepts, however, have another kind of content that corre- 
sponds to the common feature or features connoted by all the 
exemplars and that constitutes the concepts intensive content. 
This is the kind of content assessed by verbal definition pro- 
cedures. We arrive at the intensive content of a subject’s concept 
when we ask him to tell us, say, what “vesper” means or the way 
in which an “apple and a pear are alike or the same.” A compari- 
son of the subject’s answers with those given by a representative 
normative group tells us to what extent the subject has acquired 
the commonly accepted intension of the concept. 

It seems reasonable, in view of these two types of content, to 
expect a certain amount of coordination between them. We 
would assume, for example, that when a subject gives a defini- 
tion of a tree, that he would mention the property or properties 
that actually enable him to classify trees and to differentiate 
trees from other objects. This does not, however, occur. A 
child, to illustrate, may be able to classify objects as bicycles 
with considerable accuracy. Yet when he is asked to say what a 
bicycle is, he may well reply, “something to ride.” While this 
definition is correct in a certain sense, it could hardly be the ac- 
tual criterion on which the child bases his classification of such 
objects as bicycles. There are just too many other things that a 
child can ride for such a criterion to be decisive. Accordingly, 
while the child’s verbal definition of bicycles tells us something 
about his idea of a bicycle, it does not tell us the features that in 
any concrete instance enable him to label a particular object as a 
bicycle. There is then, little coordination between the extensive 
content of a concept as revealed by discriminative responses and 


the intensive content of the same concept as revealed by verbal 
definition. 
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If we turn now to Piaget’s conservation problems, it is easy to 
see that they are primarily concerned with the assessment of in- 
tensive content. But they are concerned with an intensive con- 
tent that is much more closely linked to extensive content than is 
true of the contents revealed by the verbal definition approach. 
To illustrate why this in fact is the case, it is useful to think of 
the particular object, property, relation, and so on with which 
the conservation problems are concerned, as an exemplar of a 
class of such objects, relations, and such like. In the most general 
sense, the conservation problems ask the child whether certain 
transformations affect the exemplar’s membership in the class. 
With respect to the substance conservation task described ear- 
lier, the child is in effect asked whether a particular exemplar of 
the class of relations “same amount” is still a member of that 
class after one of the components of that relation is changed in 
appearance. 

This is a unique way of defining the intension of a concept. 
What the conservation problems propose is that the intensive 
content of a concept is always relative to the transformations 
that leave it invariant.° If, for example, the child says that the 
sausage has more clay than the ball, and that the two objects 
have the same amount of clay only when they have the same 
shape, we know that the intensive content of the child’s concept 
of substance is form. On the other hand, if the child says that the 
ball of clay and the sausage have the same amount of clay, then 
we know that he has a units conception of substance since these 
are what remain constant across the transformation. 

Although Piaget has used the conservation procedure only 
with quantitative concepts, the method would seem to be quite 
general. In some pilot work with destructible toy cars, for ex- 
ample, we have found that for young children “carness” was lost 
with the removal of the wheels and other body parts. For the 
older children, however, “carness” was retained so long as the 
motor was present: Similar procedures with apples revealed that 


for young children, “appleness” w 
terms of visual perceptive properties 


as thought of primarily in 
whereas for the older chil- 


ł For Piaget, form and content are thus always relative to one another. 
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dren it was thought of in terms of the more esoteric quality of 
“flavor.” It is clear from these examples that the intensive con- 
tent revealed by conservation questions is much more closely 
related to extensive content than are verbal definitions. “Motor” 
and “flavor” are more closely tied to perceptions than are “ve- 
hicle” and “fruit.” 

In summary, then, when conservation problems are conceived 
of as concerned with the exemplars of classes, they introduce a 
new way of assessing and defining the intensive content of con- 
cepts. Traditionally, such content has been explored by means of 
verbal definitions that tend to follow the species and differentia 
pattern implicit in our language and that often have little to do 
with the actual criteria by which the child identifies objects. 
When the intensive content of a concept is conceived in terms of 
the transformations that leave the exemplar a member of the 
class, we have a direct and novel way of determining which 
properties are regarded as critical to the concept. With respect 
to conceptual content, then, the conservation problems force us 
to expand our understanding of the intensive content of a con- 


cept to include those properties that are, in any given case, un- 
affected by transformations. 


Conclusion 


To conclude our enquiry into the Piagetian and discriminative 
response conceptions of the concept, it might be useful and 
interesting to present the results in the context of a more general 
and historical schema of conceptual thought. Such a schema has 
been provided by Lewin (1931) in his discussion of what he 
called the Aristotelian and Galilean modes of concept formation. 
Lewin, of course, was concerned with the modes of concept 
formation employed in science and not with the modes of con- 
ceptualization utilized by the psychological subject. The psychol- 
ogist is, however, always in a reflexive position with respect to 
his description of mental processes since anything he ascribes to 
his subjects must be equally true of himself and vice versa. It is 
really not inappropriate then to compare the modes of concept 
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formation found in the history of science with those utilized by 
the subject in psychology. In general, the ancient version of the 


concept held by those under the influence of Aristotle differs in 


three main respects from modern versions of the concept held by 


those influenced by Galileo. 


CONTINUITY VERSUS DISCONTINUITY 


One of the differences between the Aristotelian and Galilean 
modes of thought lies in the relative emphasis upon continuity 
and discontinuity of conceptual properties. Within the Aristo- 
telian mode, the properties of objects are regarded as discon- 
tinuous whereas in the Galilean mode, properties are regarded as 


continuous. Lewin writes: 


Their (logical dichotomies) places are taken by more and more 
fluid transitions, by gradations which deprived the dichotomies of 


their antithetical character and represent in logical form a transition 
stage between the class concept and the serial concept (1931, P. 149). 


It is perhaps not too far fetched to say that the discriminative 
response version of the concept that assumes psychological sim- 
ilarity is the essence of the concept, corresponds to the Aristotelian 
mode. What, after all, is a discriminative response if not a 
dichotomizing activity that separates things that are similar from 
those that are not on an absolute basis. The implication is surely 
that the properties in question are dichotomous. 

In contrast, when the essence of a concept is viewed, as it is 
by Piaget, as involving principles of identity and conservation 
we have an example of the Galilean mode of thought. The whole 
point of such principles lies in their recognition that the proper- 
ties or dimensions of a given object may vary within themselves. 
This leads to the quantification of properties, which accompanies 
the discovery of conservation both in the history of science and 
in the mental development of the child. In short, the discrim- 
inative response version of the concept corresponds to the Aristo- 
telian or ancient version whereas the Piagetian conception corre- 
sponds to the modern or Galilean conception of a concept. 
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HETEROGENEITY VERSUS HOMOGENEITY 


A second way in which Aristotelian and Galilean modes of 
thought differ is how the functions of the concept are conceived. 
The function of the Aristotelian concept is descriptive and classi- 
ficatory whereas the Galilean concept is predictive and explana- 
tory. 

With the differentiation of phenotype from genotype or more gen- 
erally, of “descriptive” from “conditional genetic” concepts, and the 
shifting emphasis to the latter, many old class distinctions lost their 
significance. The orbits of the planets, the free falling of a stone, the 
movement of a body on an inclined plane, the oscillation of a pendu- 
lum, which if classified according to their phenotype would fall into 
quite different, indeed into antithetical classes, prove to be various 
expressions of the same law (Lewin, 1931, p. 149). 


The distinction made in the present paper between the func- 
tion of the concept as a classification of exemplars and as the dis- 
crimination between the apparent and the real, corresponds 
roughly to the Lewian distinction between “descriptive” and 
“conditional genetic” functions. When a concept is viewed, as it 
is by the discriminative response approach to concept assess- 
ment, as having primarily a classificatory function, it must of 
necessity remain on the surface of things. On the contrary, if the 
function of the concept is viewed, as it is by Piaget, as the dis- 
crimination between the apparent and the real, then the road is 
open for traffic in genotypic laws. That is to say, principles of 
identity and conservation allow one to predict and explain 
within-things variations. 


THE CLASS VERSUS THE PARTICULAR CASE 


Still a third difference between the Aristotelian and Galilean 
modes lies in their approaches to conceptual content. Whereas for 
Aristotelian thought the particular object takes its significance 
from the properties of the class, in the Galilean mode the class 


Sains its significance from the consideration of a particular con- 
crete case: 
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The particular object in all departments of science is determined 
not only in kind and thereby qualitatively, but it possesses each of its 
properties in a special intensity or to a definite degree. So long as one 
rewards as important and conceptually intelligible only such proper- 
ties of an object as are common to the whole group of objects, the 
individual differences of degree remain without scientific relevance for 
in abstractly defined classes these differences more or less disappear. 
With the increasing aspirations of research toward an understanding 
of actual events and particular cases, the task of describing the differ- 
ences in degree that characterized individual cases had necessarily to 
increase in importance, and finally required actual quantitative deter- 


mination (Lewin, 1931, pp- 149-150). 


Here again we find a clear parallel between the Aristotelian 
notion of the content of the concept as residing in the class and 


the discriminative response notion of the content of the class as 


residing in the set of elements to which the concept applies. In 
f the content of the concept 


the same way, the Galilean version o 

as resident in the particular case or exemplar is paralleled by the 
Piagetian view that the content of the concept can be deter- 
mined by the variations within a single exemplar. 

We can conclude from the foregoing discussion that the dis- 
criminative response conception of the concept corresponds to 
the Aristotelian mode of conceptual thought in the sense that it 
assumes discontinuity of the properties of its objects, hetero- 
geneity amongst objects and events and the irrelevance of par- 
ticular cases for comprehending the property of the class. In 
contrast, the conception of a concept implicit in Piaget's conserva- 
tion problems presupposes continuity of the properties of its 
objects, homogeneity beneath apparently discrepant events and 
recognition of the value of the concrete particular case for 
understanding the entire class. | 

Although we have described these two modes of thought in 
opposing historical terms, they in fact reside together and com- 
plement each other from the point of view of the thinking sub- 
ject. The psychological subject, the behaving individual, no less 
than the psychologist himself, can think and does think in both 
the Aristotelian and in the Galilean modes. That is to say, we all 
think in terms of psychological similarity as well as in terms of 
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psychological identity and conservation. With respect to the 
psychological subject, the truth of this statement lies in the ob- 
servation that the subject can make both discriminative re- 
sponses and identity and conservation judgments. As for our- 
selves, the scientific observers, we could not conceive of nor 
grasp the description of these two modes of thought if we were 
not ourselves capable of engaging in them. 

In conclusion then, we have seen that the conception of the 
concept inherent in Piaget’s conservation problems forces us to 
expand and deepen our discriminative response conception of 
the nature, function, and content of the concept. This expanded 
version of the concept will enable us to explore the modes of 
conceptual thought that characterize not only the ancient world 
but also the world of modern science. Any comprehensive psy- 
chological conception of the concept can aspire to no less than 
that. 


Summary 


This paper has attempted to describe the conception of a con- 
cept implicit in Piaget’s conservation problems and to show the 
relations of that conception to the version of a concept implicit 
in the discriminative response approach to concept assessment. 
Four facets of the conception of a concept were discussed. These 
were: the nature of environmental variability, the essence of the 
concept, the function of the concept and the content of the 
concept. In a final section of the paper the differences between 
the discriminative response and Piagetian versions of the concept 
were interpreted within a broader schema of conceptual thought. 
This summary will present the conclusions of each discussion in 
capsule form. 

It was pointed out, first, that every conception of a concept 
starts out from some assumptions regarding the nature of envi- 
ronmental variability. The discriminative response conception 
starts from the notion that environmental variability consists in 
the variability between things, cats, dogs, horses, etc. The Piaget- 
ian conception of the concept, on the other hand, is premised on 
the variability that goes on within things, the changes in state, 
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form, and appearance that can occur to any given entity. Obvi- 
ously both types of variability exist and a comprehensive concep- 
tion of the concept must be premised on both types of variabil- 
ity. 

We next took up the question of the essence of the concept. In 
the discriminative response conception, this essence corresponds 
to the principle of similarity or to the commonality among 
things. For the Piagetian conception, however, it is the principles 
of identity and conservation, that ensure the permanence of 
things in thought and action, which is regarded as the essence. 
Once more the two positions complement each other and the full 
conception of a concept will have to include both the principles 
of similarity and the principles of identity and conservation. 
That is to say, every concept has to do both with things in their 
multiplicity and in their uniqueness. 

Following the discussion of the essence of the concept, we 
considered its function. From the discriminative response point 
of view, the major function of the concept is the recognition or 
classification of exemplars. The Piagetian conception, however, 
assumes that a major function of the concept is the discrimina- 
tion between the apparent and the real. This discrimination, in 
turn, can be reduced to the differentiation of between- and within- 
things types of variability. Here again, à comprehensive concep- 
tion of a concept must include both functions because in fact 
every concept does serve both purposes. 

Next, we dealt with the content of concepts. It was pointed 
out that the discriminative response view of content was exten- 
sive and concerned with the population of objects to which the 
concept applies. For Piaget, on the other hand, the content of 
the concept is primarily intensive and corresponds to the prop- 
erty that is left unchanged across various transformations of the 
object. In effect, the conservation problems provide a general 
paradigm for the assessment of intensive content. 

Finally, in the concluding section of the paper, the parallels 
between the modes of concept formation in the psychological 
subject and in the history of science, were demonstrated. The 
discriminative response version of the concept was shown to cor- 
respond roughly to the Aristotelian mode in the sense that it pre- 
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supposes the discontinuity of properties, the heterogeneity of 
events, and the irrelevance of particular cases. The Piagetian 
version, on the other hand, corresponds to the Galilean mode of 
thought in the sense that it presupposes the continuity of proper- 
ties, the homogeneity of events and the significance of the partic- 
ular case. Within the psychological subject, however, both 
modes of conceptualization oceur side by side, and every psycho- 
logical concept presupposes both modes of thought. 

These, then, are the discriminative response and Piagetian 
approaches to the concept. Taken singly, either approach pro- 
vides only a partial understanding of the concept as we know it 
in the behaving and thinking subject and in the history of scien- 
tific enquiry. Taken together, however, these two versions of the 
concept can provide a comprehensive view of the concept that 
will account for the modes of conception in both the individual 
and science. This discussion has, therefore, attempted still an- 
other demonstration of what Piaget has perhaps already made 
self-evident, namely, the significance of developmental consider- 
ations for psychological theory in general and for theories of 

` cognition in particular. 
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On the Bases of Conservation 


LISE WALLACH 


How is it that we come to recognize that when water is poured 
a different one, the amount of water 


t when objects are placed closer to- 
e are still the same number of objects 


as there were before? How do we come to recognize that quan- 
tities are conserved under such “irrelevant” transformations? 

Much as conservation is later taken entirely for granted, Pia- 
get (Piaget & Inhelder, 1941; Piaget, 1952) and others following 
him (Flavell, 1963; M. A. Wallach, 1963) have shown clearly 
that until the age of about six or seven children believe that 
quantities do change under such transformations. What happens 
at that point? How do these children come, like us, to consider it 
an absurdity even to ask whether amounts might change with 
different containers or arrangements? 

The question of how conservation is attained is a particularly 
fascinating one because it is hard to see how experience could 
possibly provide a basis for conservation, nor yet how conserva- 


Discussions with Samuel Fillenbaum, Jay F. Rosenberg, and Terry Goldman 
Vance have been very helpful in the preparation of this paper. 


from one container into 
remains unchanged, or tha 
gether or farther apart, ther 
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tion could be developed without a basis in experience. The rea- 
son it seems so difficult to see how conservation could be based 
on experience is that the properties that are conserved typically 
cannot be observed to remain the same under the transforma- 
tions in question. Consider the example of liquid poured from 
one container into another of a quite different shape. One’s 
senses suffice, of course, to enable one to tell that there is now 
liquid in the second container, and, very roughly, how much 
liquid, but they do not suffice to enable one to tell that there is 
the same amount of liquid in the second container as there 
previously was in the first. A person who does not know that the 
liquid in the second container was poured there from the first 
will not be able to tell that the amounts are the same. Or, to take 
another example, suppose there are two balls of clay, of identical 
size and shape, and that one of them is transformed into some 
quite different shape. Again, someone who has not observed or 
been informed of the transformation will not be able to tell that 
the amount of clay in the two forms is the same. 

The inadequacy of direct observation as the basis for conser- 
vation is not due just to the presence of some misleading percep- 
tual cues that need to be overcome, though such cues are clearly 
often present—in many cases of conservation there simply are 
not any criteria perceptually available that would permit accu- 
rate comparisons. The criteria that are normally available be- 
come removed by the transformation. When one is to compare 
the amount of water in two identical glasses, for example, the 
relation between the heights reached by the water in the two 
glasses provides a clear perceptual cue for the comparison. But 
no such cue is available when the water from one of these 
glasses has been poured into a glass of different proportions from 
the first so that the water to be compared is in containers of 
different shapes. At best one may then try to judge height and 
width differences in relation to each other. This not only be- 
comes fantastically complicated with any but the simplest con- 
tainers, but also exact compensation by differences in width for 
differences in height cannot in any case be directly perceived. 
Again, a person will not be able to judge accurately whether 
width differences compensate for height differences unless he 
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already knows whether the amounts are the same. All that per- 
ception of width in relation to height may do when the differ- 
ences are in opposite directions is to lead him to recognize either 
that the difference in one dimension is so large in comparison 
with the other that the amounts cannot be the same, or that the 
differences are sufficiently similar that the amounts might be the 
same. Whether the amounts in dissimilar containers are the same 
or not, his senses do not suffice to tell him.° 

For some kinds of conservation, there are external criteria in 
terms of which comparisons can be made after the relevant 
transformations. The weight of objects, for example, can be com- 
pared by weighing them on a scale—which may be done after 
deforming or rearranging them, and so on, as well as before. 
Thus one may show by the use of scales that a ball of clay 
weighs the same after a change in shape as it did previously, or 
that after deformation it still equals in weight another ball of the 
same size and shape it was originally. Similarly, the number of a 
set of objects may be ascertained by counting, and one may 
show by counting that there are still the same number of things 


in a row after it has been stretched out as there were before. 
Recognition of the conservation of weight and number, then, 
might be based on experiences with weighing and counting, 
though this is not supported by the available evidence. Experi- 


ence with counting provided in an experiment by Wohlwill and 
Lowe (1962) was not effective in leading to number conserva- 
tion. Indeed, they found that when children had said there were 
no longer the same number of objects in two rows after one row 
had been stretched out, they usually perservered in saying this 
even right after counting the same number of objects in each 
row! Smedslund (1961b) found that some children did come to 
assert conservation of weight after experimental training with 
clay using a scale. However, he found further (1961¢) that these 
children, unlike children who had attained conservation outside 


° It does not seem to help here to consider the successive perception of the same 
water first in one container and then in a differently shaped container, instead of 
the simultaneous perception of two quantities of water in different containers 
(Elkind, 1967). How exact compensation between differences in height and width 
should be recognized remains unclear. 
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of the experiment, readily returned to nonconservation if a bit of 
clay was surreptitiously taken away when a lump was trans- 
formed in shape. 

But in any case, whether or not experience with external cri- 
teria might provide a basis for some conservations such as 
weight or number, there are other conservations that cannot pos- 
sibly be explained in this way, because there are no external cri- 
teria for the properties involved. There is nothing analogous to 
the use of scales or counting that can serve to show that the 
amount of clay remains the same when a ball is deformed, or 
that the amount of water is the same after water has been 
poured from one glass into another. Not does it seem possible to 
derive these conservations of quantity per se from conservations 
for which there are external criteria. Conservation of amount of 
substance appears to be one of the earliest conservations at- 
tained, clearly preceding weight and various other measures 
(Elkind, 1961; Flavell, 1963; Lunzer, 1960; Piaget & Inhelder, 
1941; Piaget, Inhelder, & Szeminska, 1960; and Uzgiris, 1964). 

What, then, is the basis for conservation of quantity per se? 
How do we know that when one of two balls of clay of identical 
shape and size is deformed, it still has the same amount of clay 
as the other? How do we know that when the water from one of 
two identical filled glasses is poured into a differently shaped 
glass, it is still the same amount as in the other glass? 

To say that we know the amounts were the same to begin 
with, and the clay is still the same clay and the water is still the 
same water (Bruner, Olver, Greenfield, et al., 1966) will not 
suffice as an answer. How do we know that the clay and the 
water are still the same, in the sense of “sameness” that is criti- 
cal? How do we know that the clay—and its amount—does not 
change when the shape is changed, and that the water—and its 
amount—does not change when it is poured? 

It is very hard to see how such knowledge could be estab- 
lished by any sort of experience. One may think of the possibility 
of returning to the original situation again—reshaping the clay 
back into a ball, or pouring the water back into the empty mem- 
ber of the pair of identical glasses. The ball would again be the 
same size as the other, and the water would fill the glass again as 
it had before—but what is there in our experience to establish 
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that the amounts did not change with the first transformation 
and change back again when the original situation was restored? 
Indeed, children often clearly recognize such reversibility and 
yet fail to recognize conservation (Berlyne, 1965; Bruner, Olver, 
Greenfield, et al., 1966; Smedslund, 1961a; L. Wallach, Wall & 
Anderson, 1967). One may also think of measuring the amounts, 
putting the clay or water into measuring cups, for example, but 
the question would only repeat itself: how do we know that the 
amounts of water and clay do not change when water is poured 
and when clay is squeezed into a measuring cup? 


Factors other than sensory experience 


How, then, is conservation to be accounted for? A number of 
factors other than sensory experience have been suggested. Al- 
though they seem to be important, although they may facilitate 
the development of conservation and some of them may even be 
necessary for it, they do not seem to be capable of solving the 
problem we have been considering. They provide no viable 
alternative to sensory experience as the basis for conservation; 
they are capable of being effective only given that such a basis al- 
ready exists. 

These factors are social learning (Berko & Brown, 1960; Smed- 
slund, 19612), the ability to think in certain ways (Piaget, 1952, 
and 1960; Piaget & Inhelder, 1941; Sigel, Roeper, & Hooper), 
differentiation (Braine & Shanks, 1965a, 1965b; Piaget & In- 
helder, 1941; Smedslund, 19614; Wohlwill, 1962; Wohlwill & 
Lowe, 1962; Zimiles, 1966), reduction of immediate stimulus 
dependence (Bruner, 1964; Bruner, Olver, Greenfield, et al., 
1966; Feigenbaum & Sulkin, 1964; Piaget, 1952: Wohlwill, 1962), 
conflict (Bruner, Olver, Greenfield, et al., 1966; Gruen, 1965; 
Smedslund, 1961e, 1961f, 1963), and inference from the absence 
of addition and subtraction (Smedslund, 1961b, 1961f, 1962, 
1963; Wohlwill & Lowe, 1962). 

Let us look at each of these factors in turn, starting with social 
learning. Might conservation be attained through learning from 


other people? 
Social transmission of information is clearly crucial at least for 
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the development of particular vocabularies concerning the prop- 
erties that are conserved. And some experimental procedures set 
up so as to try to teach children about conservation (Beilin, 
1965; Churchill, 1958; Ito & Hatano, 1963; Sigel, Roeper, & 
Hooper) seem to have had a certain amount of success, though 
they all involved more than just transmitting the information 
that quantity did not change under the transformations in ques- 
tion. However, it is difficult to locate appropriate conditions for 
the social learning of conservation in the normal lives of chil- 
dren. 

Further, social learning in any case only provides a possible 
basis for a belief in conservation by those who have had a chance 
to learn it from others. What about those who did not have such a 
chance? Why did anyone ever begin considering amount as 
something that remains the same under transformations of de- 
formation, rearrangement, and so on? That some individuals in 
each of the many different cultures involved (Goodnow, 1962; 
Price-Williams, 1961) came to think of amount this way and that 
their views came to prevail all by mere chance hardly seems 
plausible. Some other basis for conservation is still required. 

Let us consider the suggestion that conservation comes about 
through the development of the ability to think in certain ways. 
Specifically, the abilities that have been thought to be significant 
are (1) thinking in terms of different yet equivalent units, (2) 
thinking in terms of several aspects of a situation at once, and 
(3) conceiving of operations as reversible. Each of these would 
seem to be necessary for conservation, but again none of them 
seems sufficient to account for it in the absence of a basis in sen- 
sory experience. 

Starting with the notion of different equivalent units, this may 
be required even for understanding the very meaning of “the 
same quantity” in different configurations. But it does not in 
itself tell one when different configurations do have the same 
quantity. Some other basis is still required for that. 

The ability to think in terms of several aspects of a situation at 
once is also not sufficient to account for conservation. This abil- 
ity is probably needed to keep a person from thinking that there 
must be more liquid in one container than another because it 
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reaches a higher level there, or that there must be more clay in 
one piece than another because it is longer, and so forth. But 
recognizing and dealing with several dimensions at a time is not 
enough to lead to conservation in the absence of direct percep- 
tion of compensation. As we have already noted, a person who 
does not know that there is the same amount of liquid in two 
dissimilar containers will not be able to tell that the difference in 
width exactly makes up for the difference in height. This can 
only be inferred if it is known—on some other basis—that the 
amounts are the same. Conservation, then, cannot be accounted 
for by thinking in terms of several dimensions at once. 

Two different kinds of things are sometimes intended by 
speaking of the ability to conceive of operations as reversible. 
One is the capacity to recognize that in quantity-conserving 


transformations any change in one dimension, such as height, is 


“reversed” (or “cancelled”) by a change in another, such ag 
width. Such “reversal” is what we have just been speaking of as 


“compensation.” Recognition that compensation necessarily oc- 
onserving transformations would, of course, be 


curs in quantity-c i 
Oh aa recognition to be ex- 


sufficient for conservation. But how is this a : 
plained, in the absence of adequate sensory evidence of compen- 


sation? It seems no easier to explain than the recognition of 
conservation itself; indeed, recognition of the necessity of compen- 
sation seems likelier to derive from y belief in conservation 
than to provide the basis for this belief. 
The other kind of thing that is sometimes meant by pa ability 
to conceive of operations as reversible is the capacity to recog- 


i i i tions themselves can be 
nize that quantity-conserving transforma | 
4 4 r poured from one container 


reversed—that, for example, wate , , 
into aie different ir can be poured back Le cd 
inal container again, where it will reach the ase . as = 
fore. But if the sensory experience of such reversibi : y a 2 
Provide an adequate basis for conservation, = the aa F y è 
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indeed, preconservation children often maintain that this 1s 


happens, 
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Next we turn to differentiation. What was meant by this when 
it was originally proposed to explain conservation is that the 
property (e.g. amount) which is conserved over an irrelevant 
transformation (e.g. pouring of liquid) gets differentiated from 
irrelevant properties (e.g. height of the liquid in the container) 
that can vary under the transformation. Very recently, Braine & 
Shanks (1965a, 1965b), finding that children can be led to con- 
servation answers by training them to respond correctly both to 
questions about appearance and to questions about reality, have 
proposed that this is the distinction that must be made for con- 
servation to come about. 

Certainly the child who recognizes conservation does differen- 
tiate both the conserved property from the irrelevant, changing 
ones, and also real amount, number, weight, and so on, from ap- 
parent or phenomenal amount, number, weight, and such. Lack 
of such differentiation can, it would seem, prevent the recog- 
nition of conservation (cf. L. Wallach, Wall & Anderson, 1967), 
but differentiation cannot in itself account for recognition of 
conservation. To differentiate the conserved property from the 
irrelevant, changing one does not provide one with a basis for 
recognizing the one that is conserved—such a basis is presup- 
posed. Similarly, to differentiate real quantities from phenomenal 
ones presupposes a basis for judging the real ones. Our problem 
is just that we do not seem to find such a basis; sensory experi- 
ence does not seem to provide it. Differentiation, then, does not 
provide an answer to our problem either. 

The situation is very much the same for the suggested factor 
of reduction of immediate stimulus dependence. It is clear that 
conservation cannot be attained so long as the child focusses on 
only the immediate perceptual situation, since nothing in this sit- 
uation carries the information that the property in question is 
unchanged. In the typical conservation test situation the percep- 
tual cues are in fact misleading, and conservation has been facili- 
tated by procedures that seem to reduce the use of misleading 
cues (Bruner, 1964; Bruner, Olver, Greenfield, et al., 1966; 
Feigenbaum & Sulkin, 1964; Wallach, Wall, & Anderson, 1967), 
though direct removal of misleading cues is not necessarily effec- 
tive (Fleischmann, Gilmore, & Ginsburg, 1966). The change 
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from utter dependence on the immediate stimulus situation to 
increasing reliance on memory and other conceptual processes as 
a child grows older is without doubt crucial for the possibility of 
recognizing conservation. On the other hand, this change again 
can only get rid of some obstacles to conservation; the effective- 
ness of reduction of immediate stimulus dependence presupposes 
some other basis for conservation. That the person becomes less 
dependent on perceptual processes is not enough to explain 
conservation—what are the processes he does depend on, and 
how did they develop? 

It sometimes seems to be suggested (Bruner, 1964; Bruner, 
Olver, Greenfield, et al., 1966) that all that one must assume 
together with reduction of immediate stimulus dependence is 
some kind of verbal learning. Direct verbal learning of conserva- 
tion has all the problems previously brought up in relation to so- 
cial learning generally. On the other hand, verbal learning might 
provide one with the appropriate language for describing the 
sensory experience involved—e.g. perhaps learning “tall” and 
“short,” and “fat” and “thin” when previously only “big” and 
“little” was known, would help in recognizing conservation of the 
amount of liquid poured from one container into another. Chil- 
dren who do not believe in conservation, however, may well 
know the relevant words—such children may say, for example, 
“there the water goes up high because the glass is thin; the other 
is shorter and wider and there is less to drink there” (Inhelder, 
Bovet, Sinclair & Smock, 1966, p. 163). Further, learning names 
for dimensions such as height and width could in any case at 
best do no more than help the child to take these different 
dimensions into account, and as we have already seen in the 
discussion of compensation, this is not sufficient to account for 
conservation. p 

Next let us consider the proposal that conservation comes 
about through the factor of conflict. Two kinds of conflict may 


be suggested: conflict between a tendency to conservation and a 


tendency against it; and conflict between various contradictory 


thoughts or beliefs that a person who does not recognize conser- 
vation is likely to have. It seems quite likely that the first kind of 


conflict aids in the stabilization of conservation once begun. 
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There is some, albeit weak, experimental evidence that supports 
this (Gruen, 1965; Smedslund, 1961e, 1961f, 1963). This kind of 
conflict, however, quite explicitly presupposes a prior tendency 
to conservation and thus is obviously again not in itself sufficient 
to explain how conservation comes about. 

The second kind of conflict might well lead to giving up vari- 
ous kinds of preconservation bases of judgment, but it also can- 
not in itself provide the appropriate one. A child who, for exam- 
ple, thinks that either height or width suffice as indicators of 
amount of water in a container will come into conflict when the 
water is higher in one container and wider in another. But at 
best this might lead him to realize that he cannot judge on the 
basis of either dimension except when the other is constant. This 
still will not enable him to recognize that the amount remains 
the same when water is poured from one container into another. 
Some other basis for this, again, must still be assumed. 

Finally, we turn to the proposal that recognition of conserva- 
tion derives from the inference that there cannot be a change in 
quantity because there has been no addition or subtraction 
(Smedslund, 1961b, 1961f, 1962, 1963; Wohlwill & Lowe, 
1962). 

This proposal has the particular virtue of accounting for the 
apparent necessity of conservation, but again it seems inade- 
quate. Until recently, the available evidence did suggest that 
understanding addition and subtraction normally precedes con- 
servation (Smedslund, 1961f, 1962; Wohlwill & Lowe, 1962); 
but this is no longer true (Smedslund, 1964). The results of 
experimental attempts to induce conservation through experi- 
ences with addition and subtraction (Feigenbaum & Sulkin, 
1964; Smedslund, 1961b, 1963, 1966; L. Wallach, Wall, & Ander- 
son, 1967) have been somewhat ambiguous but on the whole not 
very successful. 

Further, the factor of inference cannot solve our problem of 
finding a basis for conservation, because it again presupposes 
that there already is such a basis. It is only possible to infer the 
absence of change of quantity under transformations of rear- 
rangement, deformation, and such, from the absence of addition 
and subtraction when it is already assumed that these transfor- 
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mations do not involve addition or subtraction and that there can 
be no change in quantity except with addition or subtraction. 
But the preconservation children do not seem to make these 
assumptions. It is exactly their problem, rather, that they believe 
that change in quantity can be brought about by deformations 
and rearrangements as well as by explicit taking away or adding. 
What leads them to reject this belief? We still have not found 
any alternative to experience. 

None of the factors that have been suggested to account for 
conservation, then, provides a viable alternative to sensory expe- 
rience. A number of these factors probably play important roles, 
but they seem capable of aiding in the explanation of conservation 
only if sensory experience provides the basis for it. Perhaps we 
should look again at the possibility of learning about conserva- 
tion through the senses. After all, conservation would seem to 
reflect something about the nature of the physical world—it 
might, perhaps, be a mere invention of man, but it certainly at 
least appears to be something more on the order of a discovery. 
Is there really no sensory experience that could provide the basis 


for it? 


Reversibility 


What about the experience of reversibility? Might conservation 
be dependent on the experience of reversibility after all? There 
seemed to be strong support for this in an experiment in which 
first-grade children were given training designed to show them 
the reversibility of rearrangements that they regarded as imply- 
ing changes in number (L. Wallach & Sprott, 1964). The chil- 
dren realized, prior to the training, that the number of a set of 
dolls was equal to the number of a set of beds when the beds 
were lined up with one doll in each of them. However, they 
thought the numbers were different when subsequently before 
their eyes the dolls were taken out and placed closer together in 
a line in front of the beds, so that there was one bed without a 
doll in front of it. Almost all the children came to recognize that 
the numbers remained equal after they were repeatedly shown 
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that the dolls could be fitted back into the beds again after they 
had been taken out and placed closer together or farther apart. 

It seemed possible to answer the argument that children may 
fail to conserve although they recognize reversibility in terms of 
their not thinking about reversibility at the time of their asser- 
tions of nonconservation. The reversibility training procedure led 
to conservation in children who were immediately able to pre- 
dict that the dolls would fit back into the beds again as well as in 
children who were not; it seemed likely that what the training 
procedure did for the former children was simply to remind 
them of reversibilty at the appropriate time—to make them take 
it into account when they were answering questions about con- 
servation. 

However, a subsequent experiment (L. Wallach, Wall, & An- 
derson, 1967) made it clear that children could well assert non- 
conservation while fully cognizant of reversibility. The subjects 
were children who said that there was the same amount of liquid 
in two identical glasses when both glasses were filled to the 
top, but that there was a different amount when the liquid 
from one of these glasses was poured, before their eyes, into a 
wider glass. Repeated observations of the liquid’s being poured 
back and exactly filling the original glass again had relatively 
little effect on conservation. 

This later study, which included a modified repetition of the 
first one, also led to a proposed reinterpretation of the earlier 
findings. In an analysis of reasons given by children for conserv- 
ing in the dolls and beds situation, it was found that the most 
frequent reason was that there was an extra doll in the line not 
aligned with a bed—that there was a doll between two beds, or 
that two dolls were “sharing” a bed, and so on. The dolls and 
beds reversibility training procedure would seem well suited to 
making one notice this extra doll if one had not already done so. 
This procedure, then, may have been effective not because it 
made the children cognizant of reversibility, but because it made 
them recognize that a misleading cue—the “extra” bed at the 
end of the line without a doll in front of it—was misleading. 

It would certainly seem necessary for conservation that the 
subject not rely upon misleading cues—and the use of such cues 
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(height) may have been what kept the subjects from conserving 
in the liquid conservation experiment also. But on the other 
hand, not relying on misleading cues is not yet sufficient to ac- 
count for conservation. Again, some other basis is still required. 
This basis might, indeed, still be the recognition of reversibility. 
Both recognizing reversibility and not relying on misleading cues 
might be necessary for the attainment of conservation. But there 
is not now, as there previously seemed to be, any experimental 
evidence that can be regarded as supporting the role of revers- 
ibility. 

Further, it never was clear just how the recognition of reversi- 
bility might be expected to lead to the attainment of conserva- 
tion. It was even argued (Berlyne, 1965) that this was impos- 
sible, since there exist clear cases where properties are not 
conserved despite reversibility. The length of a rubber band is not 
conserved when it is stretched. And the number of a set of ob- 
jects is not conserved when an object is added—even though ad- 
dition, too, is reversible, by subtraction. However, conservation 
never seems to be at issue when properties can be directly per- 


ceived, as length or number can in these examples. One speaks of 
o appropriate criteria avail- 


ther words, refers to the 
s no adequate sensory 


conservation only when there are n 
able to the senses. Conservation, in 0 
continuation of something of which there i 
evidence at the time. 
Given this, it might be p 
be a relationship betwee 


ossible to understand how there could 
n reversibility and conservation. It 
might be efficient and economical to assume that a property for 
which there is no adequate sensory evidence after a reversible 
transformation continues unchanged, in the sense that this would 
help one keep track of what the potentialities are (L. Wallach & 
Sprott, 1964). But to describe this assumption as efficient and 
economical is still not to explain how it gets to be made. No 
process has been suggested by which conservation might come 
about through the recognition of reversibility. E 

There is, then, neither any understanding of how reversibility 
should lead to conservation nor any experimental evidence that 
it does do so. This being the case, is there anywhere else we may 
look for the basis of conservation? 
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Berlyne 


A different way of attempting to account for conservation 
through sensory experience has recently been suggested by Ber- 
lyne (1965). With a certain modification of mediational stimulus 
response theory, Berlyne proposes that conservation can be un- 
derstood in terms of habit family hierarchies. 

In the usual mediational stimulus-response view, thinking is 
regarded as involving a sequence of implicit responses that rep- 
resent various stimulus situations. The modification that Berlyne 
introduces is that there are implicit transformational responses 
that represent the processes that cause stimulus situations to fol- 
low one another, as well as implicit responses that represent 
these stimulus situations themselves. In other words, he is saying 
that we may (and do when our thinking is directed) think not 
only of various stimulus situations, but also of how these stimu- 
lus situations may be brought about from one another. For ex- 
ample, we may represent to ourselves not only water high in a 
narrow container and water low in a wide one, but also the pro- 
cess of pouring from one container into another that transforms 
the first situation into the second. 

Like any other responses, responses representing the transfor- 
mations and responses representing the resulting stimulus situa- 
tions are thought to become associated through experience and 
linked in chains. And these chains, like chains of responses 
generally, will form habit family hierarchies when they are as- 
sociated with the same initial stimulus situation and end with 
responses representing the same goal situation. 

Now (although this simplifies Berlyne a little) what seems 
critical for conservation is that some transformations and result- 
ing stimulus situations will make no difference in certain habit 
family hierarchies, in the sense that the rest of the chains in 
which they may occur will always be the same whether they are 
represented or not. This will be the case if, whenever a constit- 
uent chain in one of a set of habit family hierarchies includes 
the representation of the transformation and the stimulus situa- 
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tion that results from it, there is also an otherwise identical con- 
stituent chain in this habit family hierarchy that does not in- 
clude them. 

In this view, then, a quantity-conserving transformation is a 
transformation whose representation makes no difference in 
habit family hierarchies having to do with quantity. The pouring 
of liquid, for example—to a person who conserves the amount of 
liquid—is a transformation whose representation makes no 
difference in habit family hierarchies concerned with amount of 
at the amount of liquid is conserved 
under transformations of pouring when representations of pour- 
ing make no difference in the relevant habit family hierarchies. 

Although—as will be seen below—in certain ways this pro- 
posal may be extremely helpful, the Hullian framework seems 
unnecessary and, indeed, misleading. It seems very difficult to 
identify the required habit family hierarchies and to spell out 
the experiences through which these hierarchies should be de- 
veloped. 

What seems most directly suggested i 
archies whose goal situations are recognize 
quantity is the same and as different when 
and that these goal situations or the means by which they can be 
attained are unaffected by transformations, such as pouring, that 
are irrelevant to quantity. But our capacity to discriminate 
Quantity in situations of direct motivational relevance seems 
much too weak for this to provide the basis for conservation. 

Consider, for example, how one might attempt to apply this 
Suggestion to conservation of the amount of liquid. The goal 


Situation h ees inking, and a child might experi- 
n here might involve drinking: ected by prior pourings. 


tace that the am he drinks is una pus ; 
ut our perso pa differentiate amounts of liquid ae in 
Seems very limited. If a child believes that there are different 
Quantities of liquid in two containers that really hold the set 
amount, it seems highly unlikely that drinking would necessarily 
Sad him to change his mind. 
Vlog fansite habit family 
Senda mi other ways than 
situations are unaffected 


liquid. One recognizes th 


s that there are hier- 
d as the same when 
quantity is different; 


hierarchies might, perhaps, be de- 
through experiencing that certain 
by quantity-conserving transforma- 
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tions. One possibility would be that certain verbal responses 
(e.g. “same,” “equal,” and such) are learned to stimulus situa- 
tions resulting from these transformations. This proposal, how- 
ever, would have all the same difficulties as the interpretations in 
terms of social learning already discussed above. 

Another possibility would be that there is generalization be- 
tween the simulus situations prior to and following the trans- 
formations under which quantity is conserved on the basis of 
similarity between them. Quantity-conserving transformations, 
after all, are unlikely to change a situation completely. To 
explain conservation, however, we need to account not only for 
generalization between situations before and after quantity- 
conserving transformations, but also for the difference between 
this and what happens with transformations that do change 
quantity. Sensory similarity, as we have discussed earlier, does 
not seem to suffice for this. 

It is, then, difficult to spell out just how the habit family 
hierarchies Berlyne suggests to account for conservation should 
come about. 


The experiential basis of conservation 


Let us take another tack. What do we mean when we say 
quantity is conserved under transformations of pouring, defor- 
mation, and rearrangement? Clearly, we mean that these trans- 
formations leave quantity unchanged—that after them quantity 
is equal to what it was before. 

But what does it mean for quantities to be equal? Sometimes 
we judge equality or inequality of quantity on the basis of 
sameness or difference of a property we can perceive. For exam- 
ple, we may judge whether the amounts of two quantities of 
liquid are equal or unequal on the basis of sameness or differ- 
ence of the level they reach when they are in containers of iden- 
tical size and shape. Or we may use sameness or difference of the 
reading on a scale when they are weighed, or (with less preci- 
sion) sameness of difference of how they feel when we drink 
them or of the consistency they have when mixed with equal 
quantities of some other substance. 


ON THE BASES OF CONSERVATION 207 


But what does it mean for quantities to be equal when we 
cannot perceive any properties of which sameness indicates 
equality and difference inequality? What seems critical then is 
the possibility of arriving at such properties by doing something 
—anything, so long as the same thing is done to both quantities 
to be compared. For example, suppose we have before us two 
quantities of water, in differently shaped containers. If we know 
that poured into glasses of the same size and shape, the two 
quantities would reach the same level, we know they are equal. 
Or suppose we have two lumps of clay in different shapes. We 
know there is the same amount in each when we know that if 
they were formed into balls, the balls would be the same size, 
More generally: when we know that if something—the same 
thing— were done to each of two quantities to be compared, they 
would be the same with respect to a perceptible property, same- 
ness of which indicates equality and difference inequality, we 
judge the two quantities as equal; if we know that they pr be 
different with respect to such a property, We judge them as 
unequal. ERREA 

Let us call perceptible properties, sameness of which indicates 
equality and difference inequality, “indicator pata, Fa 
tities, then, may be compared on the basis of x 4 = indicator 
Properties resulting from the same actions would be the same or 
different, 

It should be clear that quantity need not be eye by 
what is done to the quantities being aan T e Etre 
may be one that changes quantity greatly—still, ei $ a 
Operation will affect both quantities the same way, le. ale = 
a certain operation upon each of two quantities pe ar 
having the same value of an indicator prop eit > ht, for 
must have been equal to begin with. Tlie ie pers shape 
example, be pouring water into a contain?" i a certain level 
and size, which is already filled with water to iof aie 
This operation will obviously increase the amount ot w 


it i if the 
it will i i ver it is performed. Thus, i 
it will increase it equally whene OE ais eee 


; unt oO 
cho such containers, the amo been equal at the start. 


changed but they must already have y ; 
Quantities ss also: bé judged equal on the basis of their 
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having certain values of different properties. 


This too seems 
ultimately to depend on knowl 


edge that when quantities have 
> indicator properties resulting 
n each quantity would be the 
fact that we judge as equal 
t jar, half-fill a quart jar, and 
e can, of course, get to situa- 
art jar or weighs slightly over 
ch it fills a pint jar, by opera- 
one need not know about con- 


on different quan- 


€ same amoun 


t of some other mate- 
and so on all 
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in which any one of these properties is different for two quanti- 
ties, doing the same thing with each quantity can only result in 
further situations in which they are different—and always in the 
same direction.° For example, if two quantities of water reach 
the same height in any particular two containers of the same size 
and shape, they will also reach the same height when poured 
into any other containers of the same size and shape, they will 


weigh the same, and so on. And if two quantities of water reach 


a different height in any particular two containers of the same 
rent height in any 


size and shape, they will also reach a diffe 
others, the same one always being higher, and weigh different 
amounts, the one that was higher weighing more, and so forth. 
On the other hand, if two quantities of water reach the same 
ers not of the same size and shape, they may 


height in two contain 
that are of the 


or may not reach the same height in containers 
same size and shape, weigh the same, and so on. 

To sum up, then: in the absence of perceptible properties, 
sameness of which indicates equality and difference inequality, 
equality judgments seem to be made on the basis of whether if 
something were done to each of the quantities to be compared 
that results in one of these properties, it would result in the same 
value for both. And these indicator properties themselves, same- 
ness of which is taken to indicate equality and difference inequal- 
ity, are linked with one another by the fact that if two quanti- 
ties of the same stuff are the same in any of these properties, 
doing the same thing to each can lead only to further sameness, 
never to difference in one of the properties. 

Let us now return to the original question. What do we mean 


i perception, since some 
indicator properties are precise enough to allow differences to be perceived when 
on are not: starting with a situation in which any one of the indicator cm M 
“€s is perceived as the same, doing the same thing with each quantity can only 
result in situations in which indicator properties that are equally or less precise 
are perceived as the same, never in situations in which one is perceived as 
i a situation in which any one of the indicator 
Properties is perceived as different, doing the same thing with each quantity can 

i are equally or more 


o 
The Principle has to be put somewhat differently for 
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when we say quantity is conserved under transformations of 
pouring, deformation, and rearrangement? We mean that the 
quantity of something after an 
to the quantity prior to it. An 
perceptible property, 
difference inequality, 
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If th 
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formed after a quantity-conserving transformation, it will always 
result in the same value of indicator properties as if it had been 
performed before that transformation, whether the action itself is 
quantity-conserving or not. The action could, for example, be 
pouring water into a container already partially filled with 
water. The result of doing this after or before moving the water 
about or pouring it into various other empty containers would be 
the same. 

We may, then, tell whether a transformation is quantity- 
conserving or not if we know whether an action would result in 
the same value of a property indicating equality by sameness if it 
was performed after the transformation as before. How do we 
tell this? It will not do simply to perform actions that result in 
indicator properties both before and after the transformations at 
issue. Such a procedure would presuppose that the actions 
themselves conserve quantity. 

What works very well, however, is to start off with two quan- 
tities known to be equal—in terms of being the same with re- 
spect to an indicator property—then to perform the transforma- 
tion at issue on one of them, and then to see whether the same 
value of an indicator property results when the same action is 
performed on both quantities. For example, we may have two 
identical containers filled with water to the same height. We 
may then pour the water from one of these into various other 
containers, or perform any other transformation for which con- 
servation is at issue, and then pour both quantities into another 
pair of identical containers and see if they reach the same 
height, or weigh them and see if they weigh the same, and so on. 
The actions we performed after the transformation at issue 
would not themselves need to conserve quantity—we might pour 
both quantities into identical partially filled containers. If two 
quantities are equal to start with and a ae 
transformation is performed on one and not the other of them, 
the same result will still be reached by the same action with 
each quantity, whether that action is quantity-conserving or not. 
Thus—if we observe that after a transformation is performed on 
one and not the other of two quantities that are originally the 
same with respect to an indicator property, the same action per- 
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formed on both quantities results 
with respect to such a 


n this way, that any transforma- 
then if that transformation itself re- 
ty, it may of course be used to tell 


transformation or before, tera quantity-conserving 
In sum, then, 
Start with the rec 
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ties. Further properties come to indicate equality by sameness 
and inequality by difference (or become part of the meaning of 
“equality” and “inequality”) when it is found that quantities that 
are the same in these properties always turn out to be the same 
in properties already recognized as indicators, and quantities 
that differ in these properties always turn out to differ—in the 
same direction—in properties already recognized as indicators, 
when properties already recognized as indicators are rendered 
perceptible by performing the same action on each quantity. 
Equality comes to be indicated by certain sets of values of 
different properties, when it is found that quantities having these 
values are always the same in properties indicating equality by 
sameness, when such properties result from performing the same 
action on each quantity. 

When it is recognized that amounts are equal if they are the 
Same with respect to certain perceptible properties, or if they 
would be the same if one of these properties were rendered per- 
ceptible by doing the same thing with each quantity, it is pos- 
sible to learn that quantity is conserved under a transformation 
by observing that after this transformation a quantity is still 
equal to what it was before. Such equality might be shown by a 
Property recognized to indicate equality by sameness remaining 
perceptible and unchanged after the transformation, but of 
Course this is not usually the case when conservation is at issue. 
The equality may also be shown by the same value of an indi- 
cator property resulting from the same action after the transfor- 
mation as it would have before, which itself may be shown in 
several ways: One is by finding that two quantities that start out 
the same with respect to an indicator property again are the 
same with respect to such a property as a result of the same ac- 
tion performed on each, when one of them has undergone the 
transformation and the other has not. Once any transformation is 
known to conserve quantity, if it itself results in properties of 
which sameness indicates equality, conservation under another 
transformation may more directly be shown by finding the same 
results produced by the transformation known to conserve both 
before and after the transformation at issue. Or it may be shown 
that a quantity is equal after a transformation to what it was be- 
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That young children often do use such erroneous properties as 
indicating equality by sameness or inequality by difference 
seems clear from the strong belief they frequently show in non- 
conservation as against mere uncertainty as to whether quantity 
is conserved or not. The only way it seems possible to explain 
this belief is on the basis of some perceptible property such as 
height or length that changes with the transformation being mis- 
takenly taken as evidence for inequality before and after it. 

g, of course, that young children should take 


It is not surprisin 
e in amount. These 


change in such properties as indicating chang 
properties do indicate equality by sameness and inequality by 
difference—and are used by older children and adults in making 
quantitative comparisons—under certain conditions, namely 
when certain other properties, as width or density, are the same. 
Young children may well fail to notice that height, length, and so 
on indicate equality by sameness and inequality by difference 
only when these conditions are met. Thus, even a child who 
under most circumstances already takes two quantities as equal 
when he knows the same value of an indicator property would 
result from the same action’s being performed with each, and 
who knows that the same value of such a property would result 
from the same action after a certain transformation as before, 
may be prevented from recognizing conservation under that 
transformation, or led into conflict, by perceptible changes in a 


property as height or length. 
But this obstacle of taking pro 


by difference that do not actua à a iyi Hat 
come on the basis of experience. As we said earlier in this sec- 


tion, the properties that validly indicate md aay 
and inequality by difference are linked by the fact t at i two 
quantities of the same substance start out the same in any of 
these properties, doing the same thing to each can lead only to 
further sameness, never to difference in one of the properties; 
and if two quantities of the same substance are different in aay 
of these properties, doing the same thing to each can lead only 
to further difference, never to sameness. Properties that are not 
valid indicators are not linked in this way with valid ones, or even 
with themselves. For example, two quantities of water that reach 


perties as indicating inequality 
lly do so may also be over- 
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the same height in containers of different widths will reach 
different heights when poured into identical containers and weigh 
different amounts, and two quantities that reach different heights 
in containers of different widths may reach the same height in 
identical containers and weigh the same. 

Once it becomes criterial for properties indicating equality by 
sameness and inequality by difference that starting with same- 
ness, the same action can only lead to continued sameness, and 
starting with difference, the same action can only lead to con- 
tinued difference, then experience with such facts should lead a 
child to stop considering properties as indicating equality by 
sameness and inequality by difference which do not validly do 
so. Such linkage must, of course, have become criterial, which 
again requires the ability to think in certain ways and the ab- 
sence of complete dependence on perceptible stimuli. It might 
be interesting to test experimentally the effects of showing pre- 
conservation children near the age when conservation tends to be 
attained that even if two quantities originally differ in a property 
like height, they may become the same in this and other proper- 
ties they recognize as indicators as a result of the same actions. 

Our main point in this section has been that the recognition of 
transformations as quantity-conserving seems to be based on 
observing that they have no effect on the values of properties 
that indicate equality by sameness and inequality by difference 
brought about by any actions. We have now noted also that a 
major obstacle to the recognition of conservation, taking inequal- 
ity to be indicated by differences in properties that are not valid 
indicators, may be overcome when it is observed that only the 
valid indicators are linked through action in a certain way. Expe- 
rience with two kinds of ecological facts, then, seems critical in 
the development of conservation. Knowledge of these facts alone 
is not, of course, enough in itself. It must become criterial for two 
quantities being equal that as a result of the same actions, they 
would have the same values of properties indicating equality by 
sameness and inequality by difference. And it must have become 
criterial for such indicator properties that starting with a situa- 
tion in which any of them is the same for two quantities of 
something, doing the same thing with each quantity can only 


ON 
THE BASES OF CONSERVATION 2 
17 


rm er _ in which they are the same, never in 

ne et a be ne : one is different; and starting with a situation 

alea Ta ath À jem is different, doing the same thing can only 

situations in v hi “pia jir ich Ey are Ans SEa 

which one is the same. But once this is the case, con- 
ion should be recognized when the facts are known. 


References 


Beili , 
eilin, H. Learning and operational convergence in logical thought develop- 


Ss J. exp. Child Psychol., 1965, 2; 317-339: 
g 
Mussa Jean, & Brown, R. Psycholinguistic research methods. In P. H. 
Yoik: n (Ed.), Handbook of research methods in child development. New 
5 : Wiley, 1960. Pp. 517-557: 
e 
Bate” D. E. Structure and direction in thin 
a or M.D.S., & Shanks, B. L. The conserva 
i posal about the origin of the conservations. 
. 197-207. (a) 
mis M.D.S., & Shanks, B. L. The d 
Br . Learn. verb. Behav., 1965, 4; 2277 
1 
eo J.S. The course of cognitive growth. 
Bru 
fe à J. S., Olver, Rose R., Greenfield, P 
Chu = pain New York: Wiley, 1966. 
os ae Eileen, The number concepts of t 
Elkind niver., 1958, 17, 34-39: 18, 28-46. 
‘hun : Ds Children’s discovery of the conservation of mass, weight, and 
Elki à Piaget replication study II. J. genet. Psychol., 1961, 98, 219-227. 
nue. D. Piagets conservation problems. Child Develpm., 1967, 38, 
Siven 
oni hiim; K. D., & Sulkin, H. Piaget’s problem of conservation of dis- 
os, quantities: a teaching experience: J. genet. Psychol, 1964, 105, 
FI: 
Sarit J. H. The developmental psychology of Jean Piaget. Princeton, N.J.: 
ii n Nostrand, 1963 
ei j 
TA r B., Gilmore, S., & Ginsburg, 
Can J. exp. Child Psychol., 1966, 4 353-3 
P. nm Jacqueline J. A test of milieu effects with some of Piaget’s tasks. 
olog. Monogr., 1962, 76, No. 36 (Whole No. 555). 


king. New York: Wiley, 1965. 
tion of a shape property and 
Canad. J. Psychol., 1965, 


evelopment of conservation of size. 
242. (b) 
Amer. Psychol., 1964, 19 


atricia M., et al. Studies in cog- 


he young child. Res. Stud. 


H. The strength of nonconserva- 


218 THEORETICAL PERSPECTIVES 


Gruen, G. E. Experiences affecting the development of number conservation 
in children. Child Develpm., 1965, 36, 963-979. 

Inhelder, Barbel, Bovet, Magali, Sinclair, Hermina & Smock, C. D. On cog- 
nitive development. Amer. Psychol., 1966, 21, 160-164. 

Ito, Y., & Hatano, G. An experimental education of number conservation. 
Jap. Psychol. Res., 1963, 5, 161-170. 


Lunzer, E. A. Some points of Piagetian theory in the light of experimental 
criticism. J. Child Psychol. Psychi 


at., 1960, 1, 191-202. 

Piaget, J. The child’s conception of number. New York: Hum 
Piaget, J. Equilibration and the development of logical structures, In J.M. 
Tanner & B. Inhelder (Eds.), Discussions on child development. Vol. IV. 
The proceedings of the fourth meeting of the World Health Organization 
Study Group on the psychobiological development of the child, Geneva, 
1956. New York: International Univer. Press, 1960, 98-105. 

Piaget, J., Inhelder, B. Le développement des quantités chez l'enfant. 
Paris: Delachaux and Niestlé, 1941. 
Piaget, J., Inhelder, Bärbel, & Szeminska, Alin 
&eometry. London: Routledge and Kegan Paul, 
Price-Williams, D. R. A. A stu 


anities, 1952. 


a. The child’s conception of 
1960. 


dy concerning concepts of conservation of 
dren. Acta Psychol., 1961, 18, 297-305. 


per, F.H. A training procedure for the ac- 
on of quality: a pilot study and its replica- 
tion. Unpublished manuscript. 


on of substance and weight in 
1961, 2, 11-20. (a) 


and weight in 
nt of conservation of weight and of the 


on a balance, Scan 
85-87. (c) an. J. Psychol., 1961, 2, 
Smedslund, J. The acquisition of Conservation of sub i 
t ht 
children: IV Attempt at extinction of the v stance and weig t in 


e in conflict Situations without external reinforcement. 
61, 2, 156-160. (e) 


ON THE BASES OF CONSERVATION 219 


Smedslund, J. The acquisition of conservation of substance and weight in 
children: VII. Conservation of discontinuous quantity and the operations of 
adding and taking away. Scan. J. Psychol., 1962, 3, 69-77. 

Smedslund, J. Patterns of experience and the acquisition of conservation of 
length. Scan. J. Psychol., 1963, 4, 257-264. 

Smedslund, J. Concrete reasoning: a study of intellectual development. 
Child Develpm. Monogr., 1964, 29, No. 2 (Serial No. 93), 1-39. 
Smedslund, J. Microanalysis of concrete reasoning: I. The difficulty of some 
combinations of addition and subtraction of one unit. Scan J. Psychol., 1966, 
7, 145-156. 

Uzgiris, Ina C. Situational generality of conservation. Child Develpm., 1964, 
35> 831-841. 

Wallach, Lise, & Sprott, R. L. Inducing number conservation in children. 
Child Develpm., 1964, 35, 1057-1071. 

Wallach, Lise, Wall, A. J., & Anderson, Lorna. Number conservation: The 
roles of reversibility, addition-subtraction and misleading perceptual cues. 
Child Develpm., 1967, 38, 425-442- 

Wallach, M. A. Research on children’s thinking. In H. W. Stevenson (Ed.), 
Child psychology, Yearb. nat. Soc. Stud. Educ., 1963, pp. 236-272. 
Wohlwill, J.F. From perception to inference: a dimension of cognitive 
development, In W. Kessen & C. Kuhlman (Eds.), Thought in the young 
child. Child Develpm. Monogr., 1962, 27; No. 2 (Serial No. 83), pp. 87- 
107, 

Wohlwill, J. F., & Lowe, R. C. Experimental analysis o 
the conservation of number. Child Develpm., 1962, 33, 153-167. 

Zimiles, H, The development of conservation and differentiation of number. 
Child Develpm. Monogr., 1966, 31, No. 6 (Serial No. 108), pp. 1-46. 


f the development of 


RESEARCH PERSPECTIVES 


Ta 


Eye, Hand, and Mind 


JEROME S. BRUNER 


and perceptual development 


Six years of research on intellectual 
e culminated in the publica- 


in children from the third year of lif 
tion of a book, Studies in Cognitive Growth (1966). In the 
Course of these studies it became apparent that by the time a 
child has entered his third year, he has developed certain char- 
acteristic strategies of processing information. More recently, we 


ave been at work on the first tw years of life. Our hope is to 
the growth of mind—to ex- 


explore some of the preliminaries to : 
Plore that unique set of processes that makes it possible for 

uman beings and no other species to make and use tools and to 
use language not only for communication but also as an instru- 
Ment of thought. We are occupied with the growth of those 
Capacities that enable humans to utilize culture as an amplifier 


ort eir ca agé 
pacities. i 
A task of this order would break the spirit unless tamed h 
n mageable and testable proportions: We begin with four tradi- 
ional, initially intractable questions in the hope of converting 
them into experimental form. Let me mention them in rough 
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terms to establish our context and then turn to the specific prob- 
lem with which we shall cope—the integration of eye and h 
All four questions enter into our problem. 

The first question concerns the growth of voluntary self- 
initiated activity, and is as much an issue o 
of psychology since it concerns the regulation of anticipatory 
behavior by corollary discharge or “feed forward” mechanisms. 

The second question centers on the growth of skill and on the 
forms of growth and learning that permit t 
the three major sources of human awkw 
movement that violates the fine structure 0 
systems of action clamoring for a single c 
perfect or faltering sequencin 


carry out a skilled task. We s 
of them. 


Our third concern is with the organization of perception and 
attention, particularly with one critical issue: how the percep- 
tual world of the infant, first governed by the features of stimu- 
lation, comes eventually to reflect the requirements of manipula- 
tion—how, in short, the play of attention alters in time from 
being afferently dominated to being efferently relevant. 


Finally, and perforce, we 
infant le 


and. 


f neurophysiology as 


he child to overcome 
ardness—grossness of 
f a task, contradictory 
ommon path, and im- 
g of component acts required to 
hall have a little to say about each 


i ir 
Presage those higher ord i i 
culture. 
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complete and the very length and clumsiness of the process may 
be one important respect in which human beings go beyond 
their primate ancestry to a uniquely human estate. We have 
been greatly aided in our studies by the existence of four fine 
works on the topic, each rather different in objective and ap- 
proach, but all of great value: the pioneer observations of 
Piaget on the visually guided reaching of his three children 
(1952), the painstaking analyses of Halverson (1931) and of 
McGraw (1941) on infantile prehension, and the controlled 
observational sampling of White, Castle, and Held (1964) on 
the development of visually-directed reaching. It is rare in our 
quickly changing field to have four good travel guides spanning 
a third of a century! 

Before treating directly the integration of the world of the 
hand and the world of vision, there are two preliminaries to be 
described. The first has to do with the development of human 
visual attention during the period when prehension is a very 
primitive and, in the main, autonomous operation unrelated to 
vision. Let me characterize that growth briefly as moving from a 
diffuse distractibility in the weeks immediately following birth 
to a stage of “stuckness” where attention has an obligatory char- 
acter, to use Stechler’s phrase (1966), to a stage in which it be- 
Comes anticipatory and predictive. In the first phase, the infant 
tends to be pulled hither and yon by objects in the field and par- 
ticularly by movement in the periphery. Head movements and 
eye movements at this stage are very coarsely related and com- 
pensation between them poor. But as Kessen (1967) has so 
elegantly shown, the ballistic movement of the eye itself is 
exquisitely accurate even shortly after birth, given a steady head. 
Though there is distractibility “from the outside” during the 
Opening weeks of life, the child will show preferences for certain 
Concentric stimulus forms (Koopman & Ames, 1967; Fantz, 
1965), for movement, and for human faces (if not their two- 

imensional representations, cf. Koopman & Ames, 1967). To ob- 
Serve these preferences, however, the stimulus field needs con- 
siderable “stripping down” to prevent the infant’s distractibility 
from taking over. 

By six weeks, often earlier, an obligatory or “stuck” pattern 
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has emerged. The infant is now caught by targets that have good 
figure-ground properties and yield binocular and movement par- 
allax. Eye-head compensation is much improved, and we have 
seen eight-week-olds trying to pull away from a target (a red 
ball with black-edged white rings, a black velvet bullseye sur- 
mounted by a glossy pearl, all well illuminated against a plain 
background), turning their heads, only to have their eyes remain 
fastened on the target, eventually drawing their head back to the 
midline. When they move off, it is to scan in a rather crudely 
patterned way until some other target catches them. The atten- 
tion is directed outward to the stimulus 
thing on which to fasten. 

Gradually, this pattern changes and the inf 
the matter, begins to move easily to anticipated objects—pulling 
away from one target and going to another that is located many 
visual degrees away without much intermediate drifting. The 
» seems to be using a visual 
respect to each other. His attention 


world, in search of some- 


ant, to condense 


good targets, but guided in change by a primitive internalized 
schema. Work by Haith (1966) suggests that anticipatory look- 
ing begins to be learned at birth, and the work of Lipsitt and his 
colleagues (1966) suggests early S- 
But it does not seem to be until 


quent deceleration 
response to a nonsignal stimulus) does not appear until about 
the sixth month of life, stimulation producing only the first, ac- 
celerated response. There is now some reason to believe that it is 
the second phase of this orienti is given over to infor- 
mation processing (rather than : i ceipt). Kahneman’s 
work suggests that during the second phase (he uses pupillary 
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dilation as his measure, which he has found to be closely corre- 
lated with cardiac deceleration), there may actually be a block- 
ing of information receipt while previously obtained information 
is being processed. I believe this early development of biphasic 
attention during the first four or five months of life is crucial, in- 
volving as it does not only the regulation of attention placing but 
also the withdrawing and shifting of attention. These develop- 
ments occur before there is much precise coordination between 
hand and eye. 

The burden of all this is to suggest that there develops first, 
before visually guided reaching, an orientative visual matrix in 
which the seen movement of the hand can be appreciated. This 
Matrix involves not only vision proper, but the line of oe e 
regulated in a compensatory fashion by eye movements and Sr 
movements. It is in the light of such a matrix that early han 
watching should be understood, for the infant is not only pd 
nizing what the hand is, but where it is visually. ingen her 
things are also developing during these opening months. is 
the hand-mouth coordination, the baby being able to get La to 
Mouth in some erratic path by the fifth or sixth day and having 
the movement well perfected even before guided prehension is 
On the scene. The other is the vision-mouth ae again 
the baby’s learning very early to open his mouth ae t he ap- 
Propriate object is visually apprehended. So the mouth, in 5 
classic sense, early can serve as a tertium quid pie ne 
and the hand and, as we shall see, plays an important role as the 
terminus of guided reachin activity. | | | 

Now dod- an some of de steps en route to ns han pre- 

€nsion. Let me tell you at the outset that our pres 
even the youngest children (six weeks) are made with the € = 
n a slightly reclining (ca. 30°) but sitting position, in a special, 
cushioned chair that has a wide, soft elastic band to support 
the abdomen and another around the chest to support the 
trunk. This gives great freedom to the head and leaves the 
arms very much unencumbered. The observations are from ap- 
Proximately six weeks to about eighteen months, always in a sup- 


Ported-sitting or, for the older children, in a free-sitting posi- 
tion. ý 
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The first analogue of reaching that we observe when an attrac- 
tive object is presented to the six- to eight-week-old infant and 
moved back and forth horizontally through thirty degrees of 
visual arc at about ten inches distance from him is a general 
“pumping up” or activation response, in which he brings his 
hands up to the midline but with little bimanual coordination. 
There are rough “swiping” movements that constitute a diffuse 
reaching and that ride atop the massive pumping up of activa- 
tion. If the child’s hand (or hands) happens to strike an object 


while unfisted, there will be a grasping and a retrieval of the ob- 
ject to the mouth. 


ation is too high and there is 
ze that the two hands are not 
r, but are in synchrony at the 
s over the midline to help the 
h or even to get a grasp on 


seems lowered an 
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immediately began to suck it, holding firmly to the ball all the 
while. I removed my finger and the ball after several seconds, 
holding the ball before him again and moving it from extended 
hand to extended hand until he closed on it again and drew it to 
his mouth. But before he could get it there, one hand broke 
away from the ball and was thrust into his mouth, terminating 
the retrieving act. The anticipatory mouthing aspect of the re- 
trieval short-circuited the retrieval act, so to speak. The child’s 
mouth had opened typically just as he began to approach the 
object and served as a kind of “anticipatory binding” to the 
grasp and retrieval. 

Over the succeeding weeks, indeed until the sixth month or so, 
there is a better and better coordination of the four-part invari- 
ant sequence: “Reach—Grasp—Retrieve—Mouth,” all with vi- 
sual inspection. The sequence has several interesting features. It 
is at first mainly successive, with little anticipatory priming of 
Movements. With time, there is more feed forward and priming 
so that the hand is shaped to grasping as the reach is going for- 
ward. One has the strong impression that the mouth, before de- 
Scribed as the tertium quid, is priming the sequence by opening 
in advance, 

Moreover, the sequence always ends at the mouth—never, be 
it noted, before the eyes for closer inspection or for bimanual 
Manipulation. That does not come for another month save in a 
kind of fortuitous conflict between the two hands asymmetrically 
holding an object in bimanual possession. 

Further, the sequence seems to require for its completion a 
constant visual surveillance. At seven months, for example, we 
do the following experiment. The child reaches for an object 
Placed on one side of the midline with the ipsilateral hand. As 
his hand arrives at the object, we drop a light cloth over his 
hand and the object. He withdraws his hand empty and begins 
the reach again, but it is interrupted by the visual absence of the 
object. By nine months, loss of visual contact will not interrupt 
the act and the infant’s hand emerges from under the masking 
cloth with the object firmly in hand. 

During development, the sequential acts of reaching and 
8rasping seem to require cessation of all other enterprises. Like 
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so much of the child’s complex behavior, it involves a total com- 
mitment. What is interesting, once visually guided reaching 
achieves some rough competence, is that attention enters a new 
phase in its deployment. From diffuse distractibility, through 
stuckness, through anticipation, attention now moves (usually 
around seven or eight months) to a phase where it is alternately 
leading and tracking the moving hand toward objects and in its 
retrieval of objects—again, with the mouth almo 


st invariably the 
terminus. 


about eight months) that the 
manipulation begins, and it 
get there. The first of these 
uence “Reach—Grasp—Re- 
more anticipatory on the one 
e other—in a word, less “awk- 
word earlier employed. There 
fewer distinctive steps in the 


asions at eight or 
© explore tactually 
for rhythmic bang- 


less. 


cus of action, When we compare 
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the time looking at the hand with object of a fourteen-month- 
old with that of a twenty-seven-month-old baby during visually 
directed reaching and retrieving, the proportion drops from 
nearly three-quarter time to less than quarter-time. The differ- 
ence at twenty-seven months is spent, literally, in “looking 
ahead.” But both ages, fourteen months and twenty-seven, share 
a certainty in the joint handling of visual and kinesthetic-propri- 
Oceptive information from the hand. At seven months, our spe- 
cially made films show many episodes in which, while the infant 
is trying to get hold of a moderately heavy drinking cup, he will 
literally shut his eyes while bringing his hands together on the 
cup, particularly if a previous, visually guided effort has failed. 
So we can say that the first effort is to map the kinesthetic- 
proprioceptive field of the hand on the visual orientation field 
(with the help of the mouth), and the second task is to utilize 
the redundancy of the two fields to free the task from constant 
visual supervision, so that visual anticipation of action may de- 
velop. 

Fourth, there is a gradual process of learning bimanual, com- 
plementary activity. This is indeed a mysterious process. Piaget 
(1952) urges that it is produced by the clasped hands pulling 
against each other. I think this is a necessary but not a sufficient 
condition. It leads to their conjugate or antagonist action, but 
not to the kind of complementary action where one hand holds 
Something for the other to pick up. Here a word must be said 
about the mysterious midline barrier. It is a strict one at seven 
Months. If a toy is held before the hand of an infant after he has 
already grasped something in that hand, the contralateral hand 
will not reach across the midline to get it. The ipsilateral hand 
will tense and the infant will bang the new object with a 
clenched hand holding the original object. Or if an object is hid- 
den beneath a cloth on one side of the midline, the infant will 
Struggle for it with the hand on that side, the contralateral hand 
ying on its side unattended and unaiding. Perhaps there is what 
Geschwind (1965) calls a “disconnexion syndrome” with insuff- 
cient commissural fibres. But I suggest there is exercise needed 
even after the fibres are connected. What the nature of this exer- 
cise is remains uncertain. It is well to remember a few salient 


RESEARCH PERSPECTIVES 
232 


facts about bimanual operations before taking its development 
too much for granted as mere “maturation” Held and Bauer 
(1967) have shown that when infant monkeys are reared with- 
out view of their hands, they are not able to rea 
visible objects with the newly seen limb. Moreo 
ence is given to the animal that is requisite fo 
reach and grasp with one hand, there is minim 
other hand when it is brought out from unde 
This had been found previously in studies of adaptation to pris- 
matic displacement in adult humans, adaptation of one hand’s 
not “crossing over” to the other (Efstathiou et al., 1967). More- 
over, when both hands of the specially reared infant monkeys were 
freed and were open to visual guidance, the first One trained was 
favored and little or no complementary activity was observed. 
Recall that these animals had previously carried out visually un- 
guided bimanual activities under the masking ruff, and also that 
the experimental monkeys, when tested, were twice as old as 
normally reared monkeys who had visually guided bimanual 
reaching completely under control. 

Fifth, and finally, from 


ch for and grasp 
ver, if the experi- 
r learning how to 
um transfer to the 


combined in a syntax of action. Consider 
Some examples. We present 


an infant with a Srasping-toy, to one 
or another side of the midline SO as to reduce conflict, As he be- 
Sins to reach, we cover the toy from view with a drop cloth that 
is attached to the table along the ed 
which the infant is 


seated. The only 
move the cloth from over th 


it f > 
wi h, the whole act Setting the toy is 
carried out unilaterally ( 


> and this precludes 
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success in lifting, though attempts at lifting are quite rare at 
that. What one never observes is pushing away of the covering 
cloth—whether one uses an opaque or a semitransparent drop 
cloth. The response in the great majority of instances is an at- 
tempt to pull the cloth toward one—in much the same way as 
one draws the object toward one. Indeed, one is struck by the 
fact that in the seven-month-old, the act of attempting to remove 
the screen is hardly distinguishable from the act of reaching for 
the object. “Pushing away” is a response that is tied to rejection 
(as any parent can testify who has attempted to feed the child 
an unfavored food!). It cannot be dissociated from that goal- 
directed sequence and inserted in a sequence involved in retriev- 
ing a desired object. In this sense we may speak of growth’s in- 
volving a dissociation of gestural components from goal-directed 
Sequences. The fourteen- to sixteen-month-old has begun to mas- 
ter such dissociation. . 
Yet it is interesting that en route to this achievement there is 
an awkward stage in which there seems to be conflict between 
the “retrieve” and “uncover” responses—looking for all the world 
like a flailing of the arm back and forth in the frontal-lateral line, 


firmly gripping the drop cloth in hand. 


Let me now sum up in a few words. At the outset, there is a 
Srowth of biphasic attention that permits the child to register on 
Salient object cues and to anticipate where other objects are so 
that one can move to them directly. This makes possible not only 
attention to a specific object but also orderly withdrawal and 
Shift of attention to other objects. This development during the 

rst three or four months involves not only the purely visual 
field, but also the orientation of the eyes, head, and body toward 
Visual objects. Concurrently, the mouth becomes a kind of com- 
Mon terminus for both visual and manual-kinesthetic anticipa- 
tion. The child learns to anticipate the visual approach of objects 
to the mouth, and learns to put his own hands in his mouth. The 
Mouth now becomes a kind of tertium quid between vision and 
Manual movement. As the child’s initially gross activation re- 
SPonse to visual objects becomes sufficiently differentiated to yield 
à successful open-handed reach-with-contact, he begins visually 
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guided reaching, grasping, and retrieving—the sequence — 
culminating in mouthing. The act and its components {7 n ‘ 
dominated by mouthing as an anticipated goal response. peo 
ing during this stage an to better anticipation, a more inte 
and finer differentiation. 
E ta of visually guided reaching begins with free- 
ing the sequence of reaching-grasping-retrieving from its ter- 
minal phase of mouthing. It is freed, also, from the requirement 
of full visual inspection and control, freed by feed-forward of its 
slow successiveness, and its component gestures are freed from a 
fixed sequence, The component acts of reaching, grasping, and 


retrieving ncw become subroutines able to fit into a variety of 
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The Initial Coordination of Sensorimotor 
Schemas in Human Infants—Piaget’s Ideas 
and the Role of Experience 


BURTON L. WHITE 


During the last ten years, increasing numbers of American psy- 
chologists have turned to the study of human infancy. Character- 
istically, recent research in this country has been carefully de- 
Signed and executed. Another feature shared by most modern 
Studies is the modesty of their scope. Visual orientation, auditory 
Sensitivity, heart-rate patterns, conditioned reflexes, etc., typify 
the target phenomena under study. Valuable as these studies are, 
they seem to leave the student of human development in a state 
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of deprivation. Some sense of how the entire human infant func- 
tions during his first encounters with the world is indispensable 
and yet not easily available. It would be fair to say that few 
American developmental psychologists have much first-hand 
knowledge about infant behavior beyond the scope of their ad- 
mittedly narrowly defined studies. I think part of the enormous 
respect many of us have for Jean Piaget is due to his contribu- 
tion to our understanding of the nature of the normally function- 
ing human infant. 

The Origins of Intelligence in Children (Piaget, 1952), is in 
my opinion, far and away the most outstanding body of work we 
have on human infancy. It represents the work of a truly remark- 
able observer, theoretician, and experimenter. It is one of the 
few examples of behavioral research on a grand scale. Actually, 
the approach Piaget used is more familiar to biologists and 
ethologists than to psychologists. Defining intelligence as the 
prime human adaptive tool, Piaget traced the etiology of this 
vital asset from its first manifestations in the sensorimotor behav- 
ior of the newborn to the emergence of ideational forms at the 
end of the second year. He did this using a combination of fun- 
damental scientific tools. The combination was a simple one; (1) 
selection of the general topic—the ontogenesis of intelligence; 
(2) general theorizing—e.g. continuous efforts towards adapta- 
tion involving assimilation, accommodation, and schemas; (3) ob- 
servations—thousands of hours spent identifying the multiplicity 
of manifestations of the processes under study; (4) experimen- 
tation—e.g. on object permanence, means-ends behavior, and 
so on (5) refinement and integration of the theory. 

Along the way, Piaget identified behavioral signs of the emer- 
gence of several related fundamental processes such as: inten- 
tionality, curiosity, symbolic behavior, the transition from trial 
and error to insightful behavior, and so on. It is truly amazing 
that virtually no one (Charlesworth, 1966, excepted) has pur- 
sued subsequently the study of these processes in infants al- 
though it has been thirty years since Piaget’s observations were 
published. 

When one describes this work in 1967, one gets a feeling of 
remoteness from modern American studies. There is no mention 
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of independent variables, operational definitions, elaborate exper- 
imental design, nonparametric statistics, and so forth, nor their 
counterparts of the 1930's. Yet, neither is there a feeling of artifi- 
ciality, arbitrariness, and atomism characteristic of modern 
studies. Perhaps, the most unique contribution Piaget has made 
to the study of infancy is to suggest a viable alternative to the 
conventional approach used in our field. 

Bear with me for a moment while I compare the tasks of 
understanding early human development and manufacturing a 
suit of clothes. Most modern studies are primarily empirical, re- 
stricted in scope, and scientifically respectable. Such studies 
produce dependable findings. In the preparation of our suit of 
clothes, these well-shaped findings are comparable to finely cut 
lapels, or pockets, or buttonholes, or cuffs, or what have you. 
They are unquestionably excellently made but it is not as if we 
have all of the pieces that only remain to be put together. 
Rather, we have perhaps less than 5 percent of the total, and in 
fact, there are those producing such pieces, lapels perhaps, who 
would have us believe that the entire suit is simply a very large 
lapel. I find less to quarrel with with them, however, than with 
others in our field who claim to have fine suits available when we 
know they have not taken the time and trouble to procure any 
fabric let alone lapels or pockets. Their suits are splendidly ad- 
vertised but seem to lack substance. Piaget, on the other hand, 
although admittedly having studied only one of several major 
developmental processes, and only in his own three children, has 
manufactured a complete suit. It is undoubtedly improperly cut. 
It would be miraculous if it were a perfect fit. Nonetheless, it has 
a general shape that probably bears a strong generic relationship 
to the product we seek. He has very few genuine competitors. 

Let me make explicit what I have implied. There seem to be in 
Current use three ways of studying infant development: (1) 
empirical studies of high dependability and molecular scope; (2) 
theoretical work, broad in scope but supported by negligible 
amounts of data (as for example, modern explanatory systems of 
language acquisition); and (3) bold frontal assaults on the total 
Course of the developmental process via intensive first-hand 
longitudinal observations combined with cumulative experimen- 
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tation, and an irreligious attitude towards laboratory methods, 
experimental design, and statistics. It is my contention that 
Piaget’s infancy work is an example of style 3 and constitutes the 
single most important contribution to our understanding of early 
human intellectual development. It is the only system based on 
empirical evidence that addresses the question, “What does the 
human child know of the world during his first two years of 
life?” Perhaps, it is time we asked whether the traditional ap- 
proaches in which we have been investing virtually all of our re- 
sources (styles 1 and 2) have been sufficiently productive. 

Personally, I find my professional bearings with Piaget’s 
studies. Right or wrong, he offers a powerful framework for 
guidance in investigating human behavior; a framework that is 
sufficiently complicated for the obviously complex creature in- 
volved, and one that pulls together the bewildering pieces of in- 
fant behavior into a believable system. I never cease to be 
amazed at how often my own observations on several hundred 
infants confirm Piaget’s observations on only three. 

Perhaps, the feature of Piagets theory that attracted me most 
was its focus on the intimate interaction between infant and en- 
viornment. Here, after all, is where the processes that concern 
psychologists take place. Even though he did not concern him- 
self with possible optimal arrangements of environmental cir- 
cumstances or “aliments,” he did not open the door for anyone who 
would care to sponsor schema development, complication, and 
proliferation. The studies I have been involved with over the 
last several years (White, et al., 1964; Haynes, et al., 1965; 
White & Castle, 1964; White & Held, 1966; White, 1967) have 
been oriented toward the determination of optimal rearing con- 
ditions for human infants. I have consciously tried to utilize both 
styles 2 and 3 in my approach to the problem. As a result, I feel 
my colleagues and I have gained some dependable knowledge 
about such fundamental sensorimotor acquisitions as visually- 
directed reaching, accommodation, and exploration. In addition, 
we believe we have gained some preliminary but dependable 
knowledge about the complicated interrelations between early 
experience and development. 


In this report, I should like to present some hitherto unpub- 
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lished data on one phase of sensorimotor theory. These data con- 
cern the integration of schemas or in Piaget’s terms the “recipro- 
cal coordinations” of the second stage. During a series of studies 
on the effects of differential rearing conditions, we routinely in- 
cluded an “object-in-hand” test. According to Piaget, the be- 
havior seen when an object is grasped by an infant of one to five 
months of age reveals the degree of interrelationship among the 
grasp, sucking, and looking schemas. The one-month-old infant is 
capable of grasping a rattle, looking at it, or sucking it. Further, 
each of these behaviors can be elicited if the rattle is used as di- 
rected “aliment,” that is, if it is brought to the infant’s mouth, he 
will suck it; if it is pressed in the infant's palm, he will grasp it, 
and so on. However, at one month of age, according to Piaget, 
these schemas exist in isolation. This means that, unlike an adult, 
a one-month-old infant will not look at something he is grasping, 
nor grasp what he is sucking, and so forth. During the months 
that follow, these schemas become coordinated. The steps as 
Spelled out by Piaget (1952, pp. 88-122) are as follows: 

1-2 MontHs°—The hand does not grasp an object that is being 
sucked, even though the hand itself is occasionally brought to 
the mouth and sucked. Further, the eyes do not regard the object 
8rasped (or the hand). Vision is therefore not so advanced as 
sucking when compared with control of the hands. 

2-3 Monrus—The eyes follow the motion of the hands but 
the hands are not under the control of the visual system; they 
Move in and out of the visual field apparently independently. 
The hand does not try to grasp what the eye sees. Continuing 
the Primacy of sucking as a controlling function, the hand brings 
Brasped objects to the mouth where they are sucked rather than 
to the visual field for viewing. 

3-4 MonTHs—The hand grasps the object that is being sucked 
and reciprocally the object grasped is brought to the mouth to 
be sucked. However, if the object is in view before it is grasped, 
there is à delay before the object is brought to the mouth. In 
addition, vision seems to influence hand movements, maintaining 
their presence in the visual field and “augmenting” their activity 

Piaget, 1952, p. 102). 


° 
Ages cited are approximations. 
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4-5 MONTHs—The hand grasps the seen object for the first 
time. Prehension results when hand and object are simultane- 
ously in view. 

5-6 mMontus—True visually directed reaching emerges. After 
the object is grasped the infant routinely glances at it before 
bringing it to the mouth for sucking. Occasionally, viewing is pro- 
longed and the object is not brought to the mouth at all. It 
should be noted that in sensorimotor theory the intersection of 
several schemas provides the basis for the emergence of object 
permanence. An object that is simultaneously looked at, reached 
for, and felt, as in the prehensory act, is more than a part of a 
single activity schema. It serves a truly unique function when it 
participates in three schemas at once, and from this special role 
true object permanence normally develops (Hunt, 1961). 

The data to be presented in this paper address two questions: 
(1) Does the sequence described by Piaget fit the facts gathered 
on a larger group of subjects? (2) Do modifications in rearing 
conditions that accelerate the acquisition of visually directed 
reaching affect other important steps in the sequence? 

Unfortunately, placing an object in the hand of an infant (our 
method) is an inadequate test of the entire developmental se- 
quence in question. For example, a test situation where an object 
(perhaps a pacifier) was placed in the infant’s mouth would be 
necessary as well as a situation where the infant could view the 
object before he grasped it. Nonetheless, we may be able to learn 
something from this admittedly partial view of the situation 


when the results are combined with those of tests of prehension 
in the same subjects. 


The test procedure 


Once each week, beginning at 36 days, each infant was brought 
to the testing room. After a five- to ten-minute acclimatization 
period, the infant was given three opportunities to respond to 
the presentation of the test object (for details see White, et al., 
1965). This procedure took about five minutes. The last phase of 
the session consisted of the object-in-hand test. The test object 
was a paper party toy. It was approximately five inches in length 
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and one half inch in diameter along the handle or stem. At one 
end there was a wooden mouthpiece through which air could be 
blown to extend a red coiled section. To this coiled section were 
attached two feathers. When coiled, this section is surrounded 
by orange and yellow fringes. The overall diameter of this dis- 
play was about one and a half inches: The object is a common 
five-and-ten-cent store item and was used because it is easily 
grasped and retained by young infants and features a complex 
contour field with highly contrasting orange, red, and yellow 
lines previously found attractive to most infants (White, et al., 
1964). 

Subjects were physically normal infants born and reared in an 
institution. As part of a larger study, some of these infants had 
been reared in a variety of systematically varied rearing condi- 
tions designed to accelerate sensorimotor development. (For de- 
tails see White & Held, 1966; White, 1967-) The data presented 
in this paper are from two groups: Forty-three controls including 
eleven babies who had received extra handling during the first 
36 days of life, and sixteen modified enrichment infants. In brief, 
t e experimental group was reared under conditions designed to 
increase the occurrence of certain forms of motility in sensorily 
enriched surrounds. Such experiences produced markedly pre- 
cocious visually directed reaching and heightened visual atten- 
tiveness, 


Hypotheses 


1. Control babies would exhibit behaviors consistent with Pia- 
8et’s observations on the development of reciprocal coordinations 
among looking, sucking, and grasping schemas. 

2. Increased looking at and palpating of nearby objects (in- 
uced via enrichment procedures ) would result in acceleration 


of ue 
the coordination process. 


Results 


” a normal developmental sequence: 
n the basis of Piaget’s discussion of the development of pre- 
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hension schemas (1952, pp. 88-122) one would expect a devel- 
opmental pattern somewhat like that described in Table 1. 


Table 1 The Normal Developmental Sequence According to Piaget 


Test Object-in-Hand Prehension 
AGE N RESPONSE RESPONSE 
(months) 


1-2 3 Retains only = 


2-3 À Brought to mouth for sucking — 

3-4 “ a aes da a = — 

45 Se Fourth-stage reaching (if 
hand and object simultan- 
eously in view) 

5-6 7 Brief regard then brought to 


mouth for sucking 
True reaching 
Prolonged regard 


nee, 


Responses to the object-in-hand test in our control group are 


shown in Table 2. 
Description of responses: 


1. 


Retains only—The infant holds the test object for more than 
three seconds. 


. Views—The infant holds the test object and either glances at it 


one or more times or regards it steadily for up to two minutes. 


. Brought to mouth—The infant holds the object and without 


viewing, brings it to the mouth one or more times briefly or 
manages to keep it at the mouth and gum or suck it. 


. Monitored mutual play—The object is brought to the midline 


where it is simultaneously viewed and tactually explored by the 


other hand. 


. Views then to mouth—Responses 2 and 3 combined. 
. Views—other hand raised—The infant retains the object and 


extends and raises both arms while viewing the object. 


. Views—other hand—tThe infant retains the object and views 


the free hand. 


. Monitored mutual play—then to mouth—Responses 4 and 3 


combined. 
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Table 2 The Sequence Exhibited by Control Subjects 
‘Table 2 The Sequence Exhibited by Control Subjects 
Test Object-In-Hand Prehension 
AGE NS RESPONSE sunyects nesronse t+ N RESPONSE 
(Months) EXHIBITING PER CENT 
N 
1.5-2 23 Retains only 22 95.8 
Brought to mouth 5 21.7 
Views 3 13.0 
2-25 27 Retains only 23 85.2 
Views other hand 3 11.1 
Views other hand raised 2 7.4 
253 25 Retains only 21 84.1 
Views 18 72.1 
Brought to mouth 6 24.0 
Views other hand 5 20.0 
Monitored mutual play 0 0.0 
3-3.5 27 Views 24 89.0 
Retains only 16 59.3 
Monitored mutual play 7 25.9 
Brought to mouth 6 22.2 
354 95 Views 20 80.0 
Monitored mutual play 13 52.0 
Views then to mouth yA 28.0 
Retains only 6 24.0 
Brought to mouth 6 24.0 
Views other hand raised 6 24.0 
Monitored mutual play then 3 12.0 
to mouth 
445 921 Views 17 81.0 12 Fourth-stage reaching 
Monitored mutual play 1 715 (median—130 days) 
Views other hand raised 7 33.3 
4.5-5 16 Views 12 75.0 14 True reaching 
Monitored mutual play 9 56.3 (median—147 days) 
Brought to mouth 6 37.5 
Views then to mouth 6 37.5 
Monitored mutual play then 1 6.3 
to mouth 
T = 
N= 16d Total trials = 560 


o 
Each test consisted of two trials. Average 


number of tests/subject was 1.71. 


Av i i 
erage number of responses per trial was 1-21, increasing steadily with age. 


tOn 
ly the responses occurring in 20 per cent or more 


contr a 
ol or experimental group are recorded. 


of the subjects of either the 
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Although fourth- and fifth-stage reaching occurred about as 
predicted by Piaget’s work, this was not the case for the object-in- 
hand data. The number of response patterns seen was consider- 
ably greater than expected, the influence of the sucking schemas 
was much less than expected, and that of vision was strikingly 
greater than expected. 
2a. Is the developmental sequence influenced by rearing condi- 
tions? Table 3 contains responses to the object-in-hand test 
shown by the experimental group. Table 4 indicates that the 
groups differ significantly. 

b. Is the rate of coordination of schemas influenced by rearing 
conditions? 
Table 5 shows comparative data for the experimental and 
control groups. The schemata listed are not necessarily the 
only ones involved in the behaviors seen.° 

It is clear that the coordination of schemas as described in this 
analysis has been accelerated for the experimental group. With 
respect to prehension, the median dates of onset for stages four 
and five were 95 to 89 days respectively compared to 130 and 
147 days for the control group. These shifts are highly significant 
(p< -001—Mann-Whitney U test, Siegel, 1956) 


Discussion 


The first hypothesis, that the sequences described by Piaget 
would be repeated in a larger subject group, was only partly con- 


° Piaget does not give precise guidelines for assigning schemas to behavior, I 
have tried to be conservative in assigning schemas to the behavior patterns in 
question. There seem to be at least five schemas involved: (1) the grasp 
schema—retention of the object; (2) the visual schema—glances or prolonged 
viewing of the object; (3) the sucking schema—the object is brought to the 
mouth for attempts at sucking; (4) the tactual schema—the other hand joins with 
the hand holding the object to either feel it or take it away; and (5) the “other” 
arm movement schema—the other hand is raised. This last schema reflects the 
ambiguities in assigning schemas to complicated behavior Patterns. Since all be- 
haviors require a schema in Piaget’s system, and since hand-raising occurs rather 
often, I have postulated a schema for it. Actually, hand-raising is a part of 
another schema, bilateral hand-raising, which is a behavior pattern often seen 
between 7 and 11 weeks of age in our control group. 
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Table 3 The Sequence Exhibited by Experimental Subjects 


Test Object-In-Hand Prehension 
AGE N° RESPONSE SUBJECTS RESPONSE N RESPONSE. 
(Months) EXHIBITING PERCENT 
N 
1.5-2 16 Retains only 16 100.0 
Views 10 62.6 
Brought to mouth 6 37.5 
2-2.5 16 Retains only 15 93.9 
Views 10 62.6 
Views other hand raised 5 313 
Views other hand 4 25.0 
Brought to mouth 4 25.0 
2.5-3 14 Views 13 93.0 13 True reaching 
Retains only 7 50.0 (median—89 days) 
Views other hand 6 42.8 
Monitored mutual play 5 35.7 
Views other hand 4 28.6 
3-3.5 12 Views 10 83.6 8 th stage reaching 
Retains only A 58.3 (median—95 days) 
Views other hand 6 50.0 
Monitored mutual play 4 33.3 
Views other hand 3 25.0 
354 12 Views 10 83.6 
Monitored mutual play 7 58.3 
Views other hand 4 33.3 
3 25.0 


Monitored mutual play then 
to mouth 
Views then to mouth 8.3 


Retains only 1 8.3 

44.5 11 Views 9 82.8 
Monitored mutual play 9 82.8 

Views other hand 4 36.4 

455 9 Monitored mutual play 8 88.9 
Views LA 778 

Views then to mouth 3 33.3 

Views other hand 3 33.3 

2 22.2 


Monitored mutual play then 
to mouth 
Brought to mouth 00.0 


Brought tomowth O O? 


Te -5 
otal N = 90 Total trials = 380 


o 
Average number of tests/subject was 1.90. Average number of responses/trial 


w: é 
as 1.13, increasing steadily with age. 
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Table 4 Significance Levels for Differences Between Control and 
Experimental Subjects—Object-in-Hand-Test 


Significance 
Level 
Percent Subjects (1-tailed 
Response Exhibiting Response ° t df tests) 
EXPERI- 
CONTROLS MENTALS 
Retains only 24.0 8.3 1.34 35 NS. 
Views 13.0 62.6 3.56 37 <.001 
Views with other 
hand raised 74 31.3 1.90 41 NS. 
Brought to mouth 37.5 0.0 3.10 23 <.005 
Views—other hand 20.0 42.8 1.47 27 N.S. 
Monitored mutual 
play 35.7 64.3 219 OT <.005 
Monitored mutual 
play then to 
mouth 12.0 25.0 0.93 35 NS. 
Views then to 
mouth 28.0 8.3 1.64 35 N.S. 


least 20 percent of either group 

(c) Calculate the probability of an 
two-week interval for an over 
following formula: 


p= (i — ai 


y single com; 


parison between groups for any 
all significan: 


ce level of .05 according to the 


)" where n = number of 2-week periods 
where response occurred in at least 20 
percent of either group 
(d) Test most extreme group differenc 


es against adjusted significance levels 
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firmed. We did not find the sucking schema to be dominant in 
our groups. Further, the influence of vision was markedly greater 
than expected. In addition, the complexity of the sequence in 
terms of number of responses shown was greater than expected. 
Finally, the influence of postural factors such as the tonic neck 
reflex and the favored hand was both marked and unexpected. 
During the third month of life, a child would often view the ob- 
ject placed in his favored hand, and again view that hand when 
the object was placed in the other hand. Another manifestation 
of this asymmetry was seen a few weeks later when the infant 
would merely stare at the object in the favored hand (views 
object) but would bring the favored hand over to join or tactually 
explore the object when it was held by the other hand (monitored 
mutual play). Responses during the second month involved only 
one hand. During the third and fourth months there was a 


Steady increase in bilateral hand and arm involvement that 
paralleled the oft-noted reduction in the 
neck reflex (Gesell & Amatruda, 
for the coordination of the visual 
hand with the other. It is of cour. 
Piaget’s children were bre 
study were not, 
differences, 


The second hypothesis predicting plasticity of development 
was amply confirmed. The results of both the object-in-hand and 
the prehension tests indicate important functional relationships 
between rearing conditions and the developmental processes in 
question. Further, it is to be noted that the degree of accelera- 
tion involved in the experimental group is more than nominal 
even though the experimental modifications of rearing conditions 
were little more than first attempts. Of course, at this time no 
claim can be made for precise understanding of the role of ex- 
perience; however, some discussion of the design of the experi- 
mental rearing conditions is in order at this point. 

It is customary to select independent variables primarily on 
the basis of the theory underlying one’s study. In experiments 
where the subjects are human adults, for example, whether or 
not the subject is inclined to act as required during the experi- 


influence of the tonic 
1941). This paves the way 
and tactual schemas of each 
se possible that the fact that 
ast fed, whereas the subjects in this 
would account for some or even all of the 
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mental treatment is rarely a problem. If a subject should prove 
reluctant, he may be replaced. In our studies of infant develop- 
ment as in Piaget's, the situation is different for two reasons. 
First, we are unable, and in fact, unwilling to demand actions of 
our subjects that are very different from what they tend to do 
normally. Second, we depend much more on induction in design- 
ing experiments than on existing theories. This latter fact means 
that we take pains to discover via extensive naturalistic observa- 
tions what infants actually do in the hope that an analysis of 
actual experiences when meshed with general theoretical notions 
will yield experiments of definite relevance to human develop- 
ment. This process has a parallel in studies of the acquisition of 
language. For many years now, psychologists and educators have 
marvelled at how quickly all children acquire the complicated 
rules involved in understanding and producing their native lan- 
guage. It has frequently been noted that little or no active 
tuition is necessary. But, few, if any, investigators have at- 
tempted to learn how this remarkable natural achievement 
Occurs. It seems most likely that we would learn a great deal 
about the learning processes involved were we to study the 
details of the experiences involved. Is it not likely that the differ- 
ential experiences undergone by extreme groups (very fast 
versus very slow progress in language acquisition ) would provide 
a wealth of information about the processes involved? 

During the first six months of life children are not usually able 
to locomote; in fact, they have limited abilities in most all devel- 
Opmental areas. In addition, their experiential histories are very 
brief. These factors combined, suggest that an analysis of the 
pportunities for learning is more feasible for this period than 
for subsequent ones. Piaget has provided some clues by describ- 
Ing the developing sensorimotor structures. Only lengthy longi- 
tudinal observations can complete the picture, however. These, 
We have done for one population. We have observed several 
hundred physically normal, hospital-reared infants for three con- 
tinuous hours each week from birth to six months (White et al., 
1964; White & Castle, 1965). The favorite activities of these chil- 
dren when awake and not distressed or drowsy are visual explo- 
ration, especially of their own hands, tactual exploration, and 
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combined visual and tactual exploration, again usually of their 
own hands. From about the fourteenth week on if given the 
opportunity, they will usually view areas several yards away. 
When placed in the prone position prior to that time, however, 
their visual interest and tactual interest seem to be restricted 
primarily to the 24 inches or so around them. On the basis of 
unsystematic observations, it would appear that home-reared 
babies do not differ radically in these respects. The major visual- 
motor activities of this time of life primarily consist of the inter- 
nal ocular adjustments of accommodation and position, including 
convergence and pursuit; rotations of the head; movements of 
the arm, hand, and fingers within the visual field; head rearing 
(in the prone position); and from about the fifth month on, turn- 
ing the torso from side to side and occasionally completely over. 

Our modified enrichment group was given extra handling 
during the first 36 days of life when visual motor activities do 
not occupy much of the infant’s day (White & Held, 1966; 
White, 1967). During the second month an attempt was made to 
optimize learning conditions for the acquisition of visual control 
over the hand that seems to be a major if not the major sensori- 
motor acquisition of the first half year of life, Visually-monitored 
batting and tactual exploration of nearby objects were induced 
(White & Held, 1966; White, 1967). During the third month, 
similar activities plus heightened visual scanning were induced 
by the presence of new viewable and palpable objects as well as 
routine prone placement of the subjects (White & Held, 1966; 
White, 1967). 

Obviously, we have dealt with molar experiences rather than 
isolated independent variables. The scientific task that awaits is 
the sorting of what is and what is not relevant wi 
experimental treatment. It is here that refined theo 
later necessary; I, however, do not believe that one should pro- 
ceed hastily towards extended theoretical analyses. Rather, I 
would advocate modest theoretical distinctions followed by em- 
pirical test leading to new theoretical deviations slightly more 
specific, followed by test, and so on. 


thin the gross 
ry is sooner or 


INITIAL SCHEMAS IN INFANTS 255 


Conclusion 


Piagets general position which holds that infant behavior con- 
sists at first of sequential activation of isolated schemas and, 
from the third month on, their reciprocal coordination, is amply 
supported by this study. On the other hand, two major amplifica- 
tions are also revealed. First, that the number of schemas in- 
volved in prehensory development is, for the subject groups of 
this study at least, many times what Piaget saw in his own chil- 
dren. In addition, and of obvious importance for developmental 
psychology, is the demonstration of the functional relevance of 
experience to the developments in question. Although this study 
requires replication, and is only an early attempt in a compli- 
cated area of investigation, it appears that major effects on the 
rate of development may be induced with ease using innocuous 
alterations in rearing conditions. Let me point out, however, that 
the design of enrichment conditions in this study (“the match” 
as Hunt would put it) presupposes dependable knowledge about 
infant capacities and preferences. This information is expensive 
to obtain coming as it does from hundreds of hours of naturalis- 
tic observations and the results of standardized test sessions. 
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The Role of Surprise 
in Cognitive Development 


WILLIAM R. CHARLESWORTH 


Introduction 


This essay is a short introduction to two complex and related 
Phenomena: (1) surprise, the word so frequently and casually 
used when events occur unexpectedly or without warning, and 
(2) the way in which surprise and expectancies are implicated 
in the process of cognitive development. It is impossible in the 
space allotted to treat the topic historically, analytically, and 
synthetically so as to make it completely amenable to experimen- 
tal inquiry. This job will be done later. For now a brief introduc- 
tory treatment of surprise must suffice, and even it needs some 
qualifications. 
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The essay will cover the following: (1) a brief historical 
analysis of surprise, (2) the relationship of surprise to the orient- 
ing reaction, startle, and novelty (3) a description of surprise in 
terms of a series of events and mechanisms (4) the nature and 
ontogeny of cognitive structures, expectancies, and their func- 
tional relation with surprise, and (5) surprise as a response 
used to diagnose the presence or absence of cognitive structures, 


(6) the surprise mechanism in cognitive change, and (7) some 
final remarks. 


Historical analysis 


Surprise is such a common phenomenon in the life of higher 
organisms that many writers have tempted to view it as having 
significant adaptive value. But clarifying exactly in what way 
surprise actually functions in the interests of the organism is 
mostly an unsolved problem despite the fact that thinkers have 
been wrestling with it at least as far back as Aristotle (Desai, 
1939). Most philosophers recognized that surprise was a complex 
psychological phenomenon with complex consequences for the 
organism, but never really succeeded in making the nature of 
these consequences clear enough for the scientist to attack the 
problem empirically. 

It was not until Darwin attempted to develop a precise picture 
of what surprise entailed behaviorally and physiologically and 
what possible adaptive function the various surprise reactions 
served that the way was opened to rigorous scientific analysis, 
Darwin’s argument, appearing in 1872 in The Expression of the 
Emotions in Man and Animals, was simple and straightforward 
—the main characteristics of surprise included opening the eyes 
and mouth widely and raising the eyebrows, both easily observ- 
able responses that were accompanied by an increase in heart 
rate and respiration. These responses, Darwin argued, interacted 
to play a significant role in the organism’s ability to perceive and 
react to novel stimuli as quickly and adaptively as possible. He 
thus concluded that surprise was an important determinant of 
the more complex phenomenon of attention. Apart from the fact 


SURPRISE AND COGNITIVE DEVELOPMENT 259 


that attention aided the organism in detecting the presence of 
predators or food sources, it was also adaptive in another, 
equally important way. What this way was was discussed by him 
in another context in The Descent of Man where he had a 
vaguely stated but what appears to be an unprecedented insight. 
He noted that attention was a “faculty” of extreme importance 
for “intellectual progress.” Progress was defined in terms of 
different levels of cognitive achievements characterizing different 
species and different stages in ontogenetic development. He did 
not speculate further about the possible mechanisms whereby 
attention brought about such progress, and interestingly enough, 
he did not deem it necessary to mention in this context the role 
Surprise played in this process. The possibility that surprise, 
which presupposes expectations (hence cognitive structures), 
Cognitive development, and attention could somehow be func- 
tionally linked (Fig. 1) apparently did not occur to him or his 


SURPRISE 


EXPECTATIONS ATTENTION 


COGNITIVE 
DEVELOPMENT 


Figure 1 


immediate followers, or if it did occur to them, for some reason 
ut was rejected. Whatever the case, the fact that such a connec- 
tion was not explored until quite recently poses an interesting 
historical problem. This problem is worth briefly considering 
Since it sheds light on some aspects of surprise that will be dis- 
Cussed later, 

Most theoretical writers during and after Darwin’s time who 
Were interested in psychology responded to the great excitement 
Created in biology by enthusiastically constructing behavioral 
taxonomies. The fate of surprise very early in this enterprise was 
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that it was viewed almost exclusively as an emotion—a fact which 
can be seen in classificatory schemes or textbook chapters starting 
with Bain (1874) and Ribot (1911) through Wundt (1901), 
Warren (1920) and Ruckmick (1921) to more recent writers 
such as Woodworth and Schlosberg (1954). Such writers clas- 
sified surprise along with such states of the organism as joy 
and fear, all known to represent internal commotions that, if 
anything, were generally viewed as disruptive of higher cogni- 
tive activities. So far as surprise was concerned, taking such 
taxonomies seriously meant virtually ignoring the possibility that 
it had any value (the speculations of earlier philosophers not- 
withstanding) for cognition or cognitively controlled behavior. 

There were some exceptions to such trends, however, and they 
should be mentioned since their ideas are the proper ancestors of 
those presented in this essay. James Mark Baldwin (1894) was 
the most notable exception, and it is interesting that he was 
perhaps the most heavily influenced by Darwin. While having to 
face up to the task of defining and classifying emotional states in 
his own taxonomy, he felt compelled to establish a class of 
“logical emotions.” Such emotions accompanied the “highest 
reaches of apperception in conception, judgment, and thought” 
and were invariably associated with various cognitive activities. 
Surprise was included in this class along with feelings of “rou- 
tine” (presumably boredom), amazement, anticipation, feelings 
of contradiction, logical satisfaction, and a number of others. 
Although Baldwin did not implicate logical emotions as impor- 
tant elements in the development of cognitive structures in- 
volved in logical thinking, his insight was one of the important 
few that ran counter to the trend. 

Shortly after Baldwin, and perhaps because of him, Stanley 
(1895) discussed the intellectual element in surprise, emphasiz- 
ing both its cognitive and affective aspects, and also making 
some classical distinctions between surprise and novelty. Later 
McDougall (1923) went so far as to exclude surprise from the 
category of true emotions on the argument that surprise had in it 
important cognitive elements in the form of anticipations and 
expectations. These writers, as well as a few others, felt certain 
that surprise had an important cognitive dimension that could 
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not be overlooked. None of them, though, speculated on the 
possibility that significant developmental changes in cognition 
may be due to a number of stimulus-producing responses (of 
which surprise was one) that result when novel or unexpected 
events occur. This idea took hold much later—sometime during 
the 1950’s. 

Apart from the theories and classificatory systems, laboratory 
emphasis on the importance of surprise or surprise-like phenom- 
ena for adaptation was generally lacking during the early post- 
Darwinian era, There was, however, one major exception. In the 
early 1900's Pavlov observed and recorded animals’ reactions to 
novel or interruptive stimuli, and on the basis of such observa- 
tions, he consequently developed the concept of the orienting 
reflex (OR). He defined the OR as the animal’s total behavioral 
and physiological response to novel stimuli. For Pavlov, as for 
Darwin, animals capable of the OR had a means of quickly re- 
sponding to novel stimuli, thereby averting potential danger if 
the stimuli were dangerous; if they -were recognized as nondan- 
gerous, the animals were able to inspect them and assimilate 
them (presumably to eat them or play with them). Pavlov 
reputedly said nothing about whether animals learned anything 
about such stimuli, but he did note that ORs of moderate inten- 
sity at least clearly facilitated conditioning, if not totally neces- 
Sary for it to occur, For him the OR was mainly a physiological 
Phenomenon that embraced both the underlying mechanisms 
and overt behavior forms of curiosity behavior in the broadest 
sense of the term. He did not identify the OR with the more 
ambiguous and subjective concept of surprise, and, as it will be 
shown later, it was fortunate that he did not, since surprise and 
the OR are not simply different terms for the same phenomenon. 
Pavloy’s antipsychological attitude, as Razran (1961) points out 
was very strong and there was little chance that his formulations 
of the OR would be applied in his laboratory to cognitive or 
Perceptual problems during his time. After his death, the climate 
n Russia changed and, as will be discussed shortly, recognition 
Of the OR’s relevance for understanding cognitive functions 

€came one of the most significant advances in modern Russian 
Psychology, 
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During the late 1920’s and thereafter researchers mainly in 
England, Germany, and the United States began showing con- 
cern for responses to novel or unexpected stimuli.” Examples of 
such research are studies by Skaggs (1926) who studied changes 
in pulse and breathing under “conditions of startledness and 
excited expectancy”; Jacobson (1926) who examined the effects 
of muscle tonus on sensory and motor responses resulting from an 
unexpected stimulus; Wilcocks (1928) who conducted experi- 
ments on the effect of unexpected heterogeneity on attention; 
Jersild (1929) who studied the effects of vividness (produced by 
unexpected changes in stimuli), primacy, and recency on recall; 
and von Restorff (1933) who discovered that an item that 
differs from others presented sequentially (hence an unex- 
pected item) is recalled more readily than items more frequently 
presented in the list. The studies varied widely in content, but in 
one way or another dealt with the surprise phenomenon. 

During the 1930's the first monographs dealing explicitly and 
exclusively with surprise were published by Patterson (1930) 
and Desai (1939). While both authors were concerned with 
experimental rigor, as theoreticians before them, they were not 
adverse to attacking such problems as whether it was possible to 
make a distinction between surprise and wonder; whether sur- 
prise and astonishment were separated only by a continuum of 
intensity and not quality; whether surprise mixes with other 
emotions readily, and whether in order to laugh, we must first be 
surprised. Today the shortcomings of posing such problems are 
more evident than they were then. The biggest weakness in 
attempts to solve such problems appears to be the failure to 
separate the conditions preceding and/or eliciting surprise re- 
sponses from the responses themselves, and to distinguish the 
latter, from their consequences for other behaviors, Furthermore, 
to complicate matters, confusion between the theoretical and 
empirical status of the surprise phenomenon was almost never 
absent—at times surprise was considered as an inferred entity, 


° An exhaustive coverage of such studies is virtually impossible since titles alone 
frequently do not contain the term surprise, although the methods used in the 


study clearly suggest that surprise phenomenon, as defined here, were being 
produced. 
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and at other times as a not well-defined set of physiological, 
facial, and postural responses. But in spite of these confusions, 
such research was an improvement over most of the earlier 
philosophical and quasi-scientific studies that relied heavily, if 
not solely, upon commonsense descriptions, anecdotal evidence, 
intuitions, introspections, and etymological analyses. 

By the end of the thirties the effects of viewing surprise 
mainly as an emotion and unrelated to other behaviors were still 
strongly evident. Landis and Hunt (1939), who conducted much 
work on startle and some on surprise, commented that most of 
the significant work in the area of the latter had been on “vis- 
ceral concomitants”—blood pressure, pulse, and respiration. Next 
to nothing has been done experimentally with surprise in terms of 
facial expressions and other overt behavioral patterns, and noth- 
ing in terms of cognitive structures. The possibility that surprise 
could be viewed in a broader sense than that implied under the 
rubric of emotion—a sense that included structural or associative 
variables as well as motivational or dynamic, nonassociative 
variables—was not seriously entertained at the time, although, as 
noted above, certain cognitive functions such as recall were 
observed to be enhanced by the experience of unexpected 
stimuli. 

In the 1940’s virtually no important research with surprise was 
Cone. However, a significant event concerning surprise occurred 
in an unexpected area of psychology. While discussing circular 
reactions during the sensorimotor period of development, Piaget 
(1952) observed that surprise may well play an important role 
in the processes controlling cognitive development. His reason 
lay in observations he made of his children’s behavior during 
infancy. Laurent, for example, while lying in the cradle is seen 
flailing his arms more or less randomly. Attached to his wrist is a 
String that is tied to a number of overhanging rattles. The flailing 
Movements suddenly shake the rattles and they unexpectedly 
Produce interesting novel sounds. Laurent is greatly surprised— 
this is his first encounter with such a situation—and his first 
response is to pull the string again and again. Before long he has 
t € rattles well under his control—he has accommodated to and 
assimilated the surprising situation. Piaget viewed this situation 
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as a classic one involving a particular type of subject-environ- 
ment interaction (secondary circular reaction) that had impor- 
tant consequences for cognitive growth. The chain of events, 
which began with surprise, is not too difficult to visualize. 
Surprise was an important antecedent, if not a direct determi- 
nant of, the curiosity behavior that brought the individual into 
fresh contact with new stimuli. This contact, Piaget reasoned, 
demanded accommodation on the part of the individual and the 
accommodation resulted ultimately in permanent changes in 
existing schemata. Surprise was thus seen as important, but 
Piaget did not pursue it; his thinking on this matter apparently 
stopped at this point. In later works he occasionally alluded to 
surprise, but never discussed it as a relevant variable in cognitive 
change, although he acknowledged it as “an essential motor in 
education and in scientific research in general” (Duckworth, 
1964). 

While there was no immediate response to Piaget’s insight, 
concern for examining the relationship between emotions and 
cognitive structures and learning began to mount rapidly in the 
1950's. Taking up where Pavlov left off, the Russians began 
demonstrating the importance of the dynamogenic properties of 
the OR for classical conditioning. Numerous studies appeared in 
the Russian literature—e.g, a monograph of studies edited by 
Voronin et al. (1958)—and non-Russian writers, such as Berlyne 
(1960), Razran (1961), and Lynn (1966), wrote papers sum- 
marizing and integrating the rapidly growing corpus of OR 
literature. In the United States a parallel movement was under 
way. The role that emotional, affective, and arousal factors 
played in the restructuring of cognitive dispositions was brought 
to the attention of other psychologists by such writers as Festin- 
ger (1957), Berlyne (1960, 1964) and Hunt (1965). Nonassocia- 
tive factors other than those generally included under the rubric 
of motivation were becoming recognized as extremely relevant 
aspects of the learning process. Such recognition extended be- 
yond the Thorndikian notion that certain affective consequences 
of a response may be reinforcing. Green (1956), for example, 
used surprise as an explanatory construct and argued that the 
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von Restorff effect was best accounted for by surprise produced 
by an unexpected change rather than by Gestalt theory. In short, 
by the 1950's and 1960’s some of the divisive constraints placed 
upon conceptualizations of emotions and structures by the early 
taxonomies were collapsing. 

Surprise in particular gained entry into the current picture as 
a result of Berlyne’s contributions (1960). Berlyne made the first 
significant attempt to demonstrate that such stimulus-subject 
properties as novelty, uncertainty, stimulus complexity, and sur- 
prise, which he termed “collative” properties, played a crucial 
role in the attentional processes concerned in learning, the main 
focus being on those factors controlling stimulus selection (i.e. 
curiosity behaviors) that were directly responsible for cognitive 
change. 

No one, however, including Berlyne and those after him, was 
very specific about how cognitive change took place when once 
initiated by those collative properties of stimuli. Nonetheless, 
everyone involved with the problem was (and still is) certain 
about one thing: when incoming information does not agree with 
Stored information there are a number of ensuing responses, 
some of which may be classified as “emotional,” and these re- 
Sponses are instrumental in initiating processes that ultimately 
restructure the old information. The concepts of stimulus and 
Schema match and mismatch, as discussed by Hunt (1961), the 
Various feedback models such as the TOTE model of Miller, 

tibram and Galanter (1958), and the neurological models of 
Anokhin (1958) and Sokolov (1960) share this basic idea. 

© summarize, surprise as an object of study has had a long, 

ut attenuated preexperimental history, beginning with the 
Greeks and continuing into the twentieth century. In the 1920’s 
and 1930's it became an object of serious, but sporadic experi- 
Mental inquiry that has lasted until the present, although aspects 
Of it were studied intensely by the Russians under the concept of 
the OR. The weak association it has had with cognition has been 
limited mostly to memory factors, as evidenced by the von 
€storfl work. Surprise has had no significant association with 
Cognitive development, although hints of such an association 
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were made by Darwin and Piaget, and not until very recently 
has surprise been viewed as relevant for curiosity behaviors and 
for the effects such behaviors have upon cognitive change. 


In spite of such a relatively impoverished scientific history, the 
concept of surprise has nevertheless managed to emerge with a 
number of pertinent generalizations and insights surrounding it 
(Patterson, 1930; Desai, 1939). Those relevant for the present 
essay are the following: 

(1) Surprise results when an expectation is not confirmed. 
(Not all writers agree with this generalization. ) 

(2) Surprise is sometimes manifested in certain characteristic 
facial expressions, sometimes by vocalization, frequently by par- 
ticular changes in gross motor behavior, and always by certain 
physiological events, such as peripheral vasoconstriction, cere- 
bral vasodilation, changes in respiration, cardiac activity, and 
skin potential. 

(3) Surprise is associated with the cessation of ongoing motor 
activities and of certain cognitive activities, such as complex 
symbolic processes. 

(4) Surprise is followed by a sudden, frequently involuntary 
focusing of attention upon the surprise stimulus accompanied by 
heightened consciousness of the stimulus at the expense of other 
stimuli. 

(5) Surprise diminishes as a result of the attention it arouses, 
ie. most of the surprise responses habituate relatively rapidly 
once the stimulus is attended to. The stimulus is usually not 
effective in eliciting surprise reactions on subsequent occasions. 

(6) Surprise has a mixed effect on the ability to retain in 
memory stimulus aspects associated with the surprise situation. 

More has been said about surprise by earlier writers, but these 
six points have the most relevance for cognitive development. 
Everyday conceptions of surprise, which we assume share a 
common historical basis with the conceptions of early thinkers, 
do not depart significantly from those points, although common 
usage of the term is generally imprecise. People say they are 
surprised by a door’s slamming (they may also mean startled); 
by an expensive gift from a parsimonious friend (they may also 
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mean amazed); and by a dull child who solves a complex math 
problem (they may also mean astounded). All instances involve 
certain common psychological processes, but they also differ 
from one another in obvious, as well as subtle, ways. While clari- 
fying the nature of such differences is not the task of this essay, 
certain distinctions between surprise and what is generally 
meant by three concepts often synonomous or associated with 
surprise—namely startle, novelty, and the OR—are ultimately 
necessary for future conceptual and experimental analysis. 


Surprise versus the OR 


In view of the broad meaning attached to the OR and the 
immense elaboration it has undergone as a concept in the last 
fifteen or so years, surprise appears at first glance to be a gratu- 
itous concept. To demonstrate that this is not the case requires 
Some careful consideration. 

As was already indicated, the OR was developed by Pavlov to 
account for and describe a number of important behaviors and 
Physiological changes that had in common a functional relation- 
ship with certain stimulus conditions. Such conditions could be 
described in capsule form as involving the onset of a sudden, 
novel, or unexpected stimulus. What is meant by sudden, novel, 
Or unexpected has been a crucial problem that is still unre- 
Solved. 

Historically, the OR as a concept has undergone changes since 
Pavlov first introduced it. Such changes led both toward greater 
Clarification of the physiological mechanisms involved, and para- 

Oxically, toward greater disagreement, if not confusion, as to 
what exactly the term should cover. Today there is no unanimity 
as to what OR encompasses and even no agreement as to what 
the initials stand for. Pavlov usually meant orienting reflex. 

erlyne (1960, used orientation reaction for “the whole complex” 
of behaviors referred to in the Russian literature and orienting 
response for processes that have an “unmistakable exploratory 
unction.” Lynn (1966) in a more recent review of theory and 
“mpirical studies of the OR used orientation reflex. 
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Part of this disagreement centers around the number and kind 
of instrumental responses (activity employing the skeletal mus- 
culature) that follow the wide variety of responses elicited at the 
onset of the novel stimulus. The latter include (1) an increase 
in sensitivity of the sense organs, (2) a directing of sense 
receptors toward stimuli by skeletal muscle action, (3) rapid 
inhibition of ongoing behaviors, (4) a change in EEG, (5) 
vasoconstriction in the limbs, (6) vasodilation in the head re- 
gion, (7) a GSR, (8) a change in respiration rate, and (9) a 
change in heart rate. Some researchers add active curiosity 
(instrumental behaviors) to this list; others do not. Hence when 
one talks in general terms about an OR he can mean all of these 
events or only a few of them. 

To make matters more complicated, the kinds of stimuli that 
can elicit an OR are much more varied than one would first 
believe. In addition to the onset or offset, or change in a single 
stimulus, sudden, novel, or surprise stimuli can elicit an OR. A 
familiar stimulus, such as one’s own name, can also do the job, as 
well as conditioned verbal stimuli, such as the words “Look 
Out!”, moderate to high intensity stimuli in general and to 
relatively long-term conflictual situations, such as being forced to 
make fine discriminations. In view of this diversity of eliciting 
stimuli, it would be virtually impossible to predict the stimulus 
conditions that elicited a known OR, or if we knew the stimulus 
conditions, to predict whether or not an OR would follow. 

In short, the concept of the OR is magnanimously endowed 
and while it may have very special and operationally exact 
meanings for individual researchers, it is too diffuse to use alone 
or to substitute for other terms such as surprise, or even startle 
for that matter. 

Surprise reactions, on the other hand, may include all or 
nearly all of the reactions listed above. In this sense the OR is 
meaningful in helping to describe what is involved in a surprise 
reaction. Surprise, however, carries with it implications that an 
OR model may or may not carry depending upon one’s interest 
in central processes. One such implication, which is a major one, 
is that before the numerous autonomic and gross behavioral OR 
reactions occur, two identifiable (and hence potentially manip- 


SURPRISE AND COGNITIVE DEVELOPMENT 269 


ulatable) factors must be involved—an expectancy about the 
forthcoming event and a stimulus that fails to confirm this 
expectancy. In other words, surprise usually implies a particular 
kind of cognitive disposition, a set of stimulus events that have a 
particular relationship to this disposition and a particular set of 
responses (some of which are subsumed under the OR) that can 
be used to index this relationship. This three-element model of 
Surprise (expectancy-nonconfirming event-résponse plus OR) 
Will be delineated in more detail later. What should be empha- 
sized here is that surprise has an OR component to it, but to 
reduce surprise to a special case of the OR would neglect those 
aspects of it that can be useful in approaching certain problems 
Of cognitive development. The OR as it stands now is mainly a 
response construct that may or may not include the predisposing 
or antecedent cognitive conditions that are functionally tied to 
it. Sokolov’s neuronal model (see Brazier, 1960) may ultimately 
account for expectancies, but at present Sokolov rightfully sees 
no reason or desire to equate the two. 

Surprise is differentiated from the OR in two ways—(1) sur- 
Prise implies that there are expectancies involved and that it is 
Possible both to measure such expectancies and to identify those 
stimuli that are in accord or not in accord with them and (2) 
Surprise reactions can include all or some of the reactions sub- 
Sumed under the OR as well as other reactions (e.g. facial 
expressions) that are not conventionally considered part of the 

R. These points will be expanded later when describing sur- 


Prise as a construct. 


Surprise versus startle 


Distinctions between surprise and startle are commonly recog- 
nized in everyday usage and in the scientific literature. Startle 
Senerally implies a reaction to a sudden and/or intense stimulus 
frequently auditory) that produces fear, discomfort, or some 
rm of annoyance. In the scientific literature, emphasis has been 
Placed upon the involuntary aspect of the response, the response 
itself consisting of a rapid, frequently stereotyped pattern of 
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overt behaviors accompanied by pronounced visceral changes, 
changes in skin conductance and blood pressure (see Strauss, 
1929; Landis & Hunt, 1939). 

In the Russian literature, according to Lynn (1966), the 
startle is viewed mostly as a defensive reaction, which is dis- 
tinctly different from the OR in a number of specific ways. For 
Sokolov (1960) and Gastaut and Roger (1960), different pat- 
terns of vasoconstriction and vasodilation in limbs or head and 
changes in heart rate and respiration help distinguish startle 
from the OR. But there is no agreement as to which of the pat- 
terns adequately represent one and exclude the other, Tomkins 
(1962) views both startle and surprise as affective responses 
possessing more or less the same characteristics, but lying on 
different points of an intensity continuum, startle being the more 
intense of the two. The salient characteristic of both, according 
to Tomkins, is their capacity to interrupt any ongoing activity 
that may interfere with attentional processes elicited by the 
startling stimulus. 

Whether there are classes of responses that accurately sepa- 
rate stimulus conditions into surprise and startle conditions, as 
the Russian work suggests, or whether every condition involving 
unexpected stimulation contains phases of different responses are 
questions that cannot be answered until there is more clarity 
about the nature of the stimulus and subject conditions them- 
selves. For purposes of the present analysis, startle can be arbi- 
trarily limited to responses to events that occur too rapidly for 
expectations to be formed. Such events are unexpected and can 
be classified as interruptive stimuli which vary in intensity. For 
example, a pistol shot close to the individual’s head, as Landis 
and Hunt (1939) have demonstrated, elicits a pronounced 
response, due undoubtedly to at least two factors—unexpected- 
ness and intensity. Surprise, on the other hand, as noted earlier, 
can be viewed as occurring because an event was misexpected, 
ie. because the actual stimulus outcome contradicted it. This 
distinction has consensual validation since surprise is usually 
defined in such a way as to suggest that it has more cognitive, as 
contrasted with sensory, connotations than startle and other 
terms accounting for the effects of stimulus onset. Lynn (1966) 
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gives a good example of the distinction between the two when 
he attempts to distinguish startle from the OR. In this case, 
however, surprise as it is defined is in this essay a better term to 
use than OR. The example actually refers to the distinction made 
by the introspectionists between primary and secondary atten- 
tion. A nongeologist and a geologist friend are walking in a 
gorge. “A boulder suddenly falls down in front of them and 
elicits in both ‘primary attention, the startle-defense reaction. 
Continuing their walk they come across an unusual rock forma- 
tion. The nongeologist does not notice it, but the geologist 
immediately sees and investigates it. This is ‘secondary atten- 
tion,’ the orientation reaction, including orientation towards the 
stimulus for the purpose of further investigation.” The stimulus 
Properties of falling rock and the unusual rock are vastly differ- 
ent and so are the responses to them, but what is more interest- 
ing is the difference in responses on the part of the two men. 
Both were sensitive to the first rock; only one of them was sensi- 
tive to the second. Such a difference obviously refers to the 
Cognitive status of the two men at the time. The nongeologist 
Was not expecting anything in respect to the distribution of rock 
formations in the area; the geologist, in contrast, was predis- 
Posed to believe that a particular class of rocks alone character- 
ized the area and that other rocks were excluded. When an 
excluded rock was discovered, the geologist was surprised. This 
example, while helping to make a distinction between startle and 
Surprise, also has bearing on cognitive ontogenesis. 

e human’s capacity to be startled, as is well-known, is 
already present in the first few days of life. Surprise, it can be 
SPeculated, does not develop until later. Landis & Hunt (1939) 
Point out that young infants are capable solely of a primary 
Startle response and only after the infant reaches a certain age is 
there an increase in the amount of secondary behavior that we 
requently associate with surprise. So far as the OR itself is 
Concerned, Lynn (1966) notes that it too is lacking in early 
infancy, while the startle (e.g. Moro reflex) is not. The OR 
emerges later, several weeks after birth. It thus appears that 

€re is an ontogenetic difference in reactions to the onset of 
Novel stimuli. That this difference is related to some extent to the 
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capacity of the organism to anticipate or prepare for a stimulus 
has some support in the literature. Anticipatory responses, as 
Spitz (1965) notes, do not appear until after the infant has had 
about a week’s feeding experience. Only then is the infant capa- 
ble of producing the “Flaschenerkennungsreaktionen” (bottle 
recognition reaction) to the appearance of the bottle, a reaction 
that may be interpreted as one of the first expectancies the infant 
develops. What happens when such an expectancy is contra- 
dicted has not been adequately recorded. In all probability the 
reactions to such a contradiction, while not completely inter- 
pretable as surprise reactions (if we use facial expressions for 
example) resemble startle responses only slightly if at all. There 
are some data on older infants where known expectancies were 
contradicted. In a study by Charlesworth (1966a) infants who 
already had a schema of the object (Stage IV of the object 
concept as defined by Piaget) were placed in a trick situation 
where a desired object resting on a flat surface “mysteriously” 
disappeared from beneath the experimenter’s hand. While some 
infants showed facial surprise and others behaved in ways diffi- 
cult to interpret, no reactions to the disappearance of the object 
could be equated topographically or in terms of intensity with 
the startle reactions the average infant makes when a sudden, 
loud noise occurs behind him. 

It can be argued then that surprise and startle are two differ- 
ent phenomena because (a) they reflect two different kinds of 
stimulus-subject conditions and (b) they involve two different 
kinds of responses, although they may share responses in the 
sense that every surprise situation may have some components of 
startle in it during the first phase of the overall reaction. The 
capacity to be startled requires only a “primitive” sensitivity to 
sudden intense stimuli; it is a capacity present at birth that per- 
sists throughout life. The capacity to be surprised, on the other 
hand, requires an ability to recognize a signal and anticipate or 
expect the event the signal signifies; it is a capacity that develops 
slowly over time and at different rates in different areas of cogni- 
tive competence. There is ample anecdotal and observational 
evidence indicating that a child can be totally insensitive to the 
implications of a particular stimulus situation not being fulfilled 
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at one age, and then very sensitive a few months later when he 
shows a pronounced surprise reaction if the sequence is violated. 
This can certainly not be said of startle. 

While such distinctions help delimit the boundaries of the 
surprise phenomenon, they are still crude and will need to be 
refined by further analysis of the stimulus conditions and re- 
sponses involved. 


Surprise versus novelty 


An exhaustive analysis of the distinctions between surprise and 
novelty is much too big a problem for this paper, but a start 
toward such an analysis has some merit, since both concepts, as 
vexing as they are to deal with scientifically, cannot be ignored 
when dealing with factors responsible for cognitive change. 

As noted earlier, Berlyne (1960) was one of the first to 
emphasize the importance of novelty and surprise (and similar 
Phenomena) in influencing epistemic curiosity and the resultant 
effects such curiosity had on the organism's cognitive structures. 
His ideas are mentioned here because they express the essentials 
of a well-known paradigm (alluded to earlier ) currently used in 
One way or another by many existing theories dealing with the 
same phenomena (e.g. the TOTE model of Miller, Galanter, and 
Pribram (1958) and Piaget’s (1967) equilibration model). Intel- 
lectual change or growth is the end result of a chain of events 

eginning with the disruption of cognitive equilibrium by a 
Conflict between incoming information and information already 
Stored in the central nervous system. The conflict produced by 
the discrepancy between these two sources of information has 

le capacity to motivate curiosity behavior, and the latter has a 
high Probability of leading to information that can be used by 

€ organism to reduce the conflict. Conflict reduction conse- 
quently reinforces the curiosity behavior, thereby insuring con- 
tinued contact with novel features of the.environment. Novelty, 
for Berlyne, is one aspect of a particular kind of subject-stimulus 
Interaction responsible for disrupting cognitive equilibrium. 

nlike stimuli experienced earlier by the individual, a novel 
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stimulus produces conflict. But to make matters complicated, 
novelty is frequently “accompanied” by other properties of 
stimuli, such as change, incongruity, and surprise. According to 
Berlyne, surprise results when there is a disparity between 
“responses” associated with what is required by the event actu- 
ally experienced. Surprise thus produces conflict, and in this sense 
hardly differs from novelty. In a number of pioneering studies, 
Berlyne (1960; 1961) attempted to separate surprise from nov- 
elty operationally. According to Lynn (1966), he did not suc- 
ceed, but Lynn’s counterproposal does not seem convincing 
either, and leads me to the conviction (after also attempting an 
operational distinction between surprise and novelty—Charles- 
worth, 1964) that we are a long way from separating novelty 
and surprise both conceptually and experimentally. A change in 
perspective appears necessary, and the following may represent 
one approach to such a change. 

As I see it, surprise and novelty can be differentiated in at least 
two and perhaps three important ways. The first has to do with 
the nature of the individual’s behavior and internal state before 
the surprise or novel stimulus impinges upon him; the second has 
to do with the nature of his immediate reaction to the stimulus; 
and the third has to do with his later reaction to the stimulus. 

The first distinction is the most important for the present 
thesis. It is the prestimulus condition of the individual that 
determines heavily whether the forthcoming stimulus is classi- 
fied as novel, surprise, or familiar. In the case of novelty, the 
prestimulus state of the individual can be viewed as essentially 
devoid of any specific expectancy about the forthcoming event. 
If there is an anticipation of what is going to occur, it is diffuse, 
imprecise, or just a vague feeling that the event will be new or 
different than what has already been experienced, If asked what 
is forthcoming, the subject cannot predict or describe exactly 
what will happen; if the subject is a preverbal human or a lower 
animal, his posture or sense receptor orientation will yield little 
or no information as to the nature of the impending stimulus. 
Novel events may be ineffective in producing specific expectan- 
cies or states of readiness for at least two reasons: (1) they occur 
without advance warning, i.e. are not preceded by stimuli that 
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are in some way associated with them—in this sense they are 
unexpected—or (2) if they are preceded by such stimuli, the 
organism has no previous history of an association between the 
two stimuli. A child receiving a new toy, an adult seeing an un- 
known play for the first time, or a rat entering an unfamiliar 
Open field most probably have few or no expectations. In this 
sense such events are not surprising. The one important property 
they have in common is that they are new, i.e. they have not 
been experienced earlier and hence fit under the notion of 
novelty, 

In the case of surprise, on the other hand, the expectancies are 
much more precise and describable. The individual can expect in 
two ways: (1) he can know clearly what is to happen, but be 
unclear about an alternative outcome, or (2) he can know 
clearly what alternative events could happen but reject all but 
One of them. In either case, there are precise expectancies and 
these expectancies presuppose some form of cognitive elabora- 
tion—for example, they may range from a simple redintegra- 
tion of B because B always follows A in the past, to a more 
complex series of cognitive events, such as we find in a child who 
expects that the weight of an object will not be affected by 
Simply changing its shape. Such cognitive elaboration presup- 
Poses cognitive structures are activated, so to speak, by the 
Presentation of particular stimuli. The stimuli have come to 
Mean, as a result of past experience, that a certain event will 
ultimately follow. PEEN 

In addition to prestimulus cognitive elaboration, the individ- 
nal may actually engage in a number of monitoring behaviors, 
usually in the form of careful attention to certain stimulus 

tails, to insure or ascertain that the initial stimulus condition is 
what it appears to be and nothing else. For example, in the con- 
servation of weight problem, the individual would insure that 


nothing happens to a piece of clay from the time of the first 


weighing until the second, other than that it was deformed into a 
b i n event surprising 


is th The important point is that what makes a f 
lat the individual misexpects it rather than does not expect it 

as in the case of novelty), and that this expectation presupposes 
Previous experience. This previous experience, which for our 
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purposes here can be conceptualized as embedded in and actu- 
ally constituting a schema or cognitive structure, may control the 
individuals overt attentional behavior to the extent that we can 
correctly infer what he is anticipating. 

A surprise event can be either novel, in the sense that it is 
unfamiliar in addition to being unexpected, or not novel, in the 
sense that the subject has already had experience with it but did 
not expect it. The concept of “recognitive familiarity,” discussed 
by Hunt (1965), covers examples of the latter—discovering the 
familiar in the unfamiliar or where it was not expected. So does 
the classic “aha-Erlebnis,” which involves discovering that old 
principles rearranged in a new way, underlie what was thought 
to be a completely new phenomenon. 

The second distinction between novelty and surprise has to do 
with differences in the immediate, first-phase reactions to both 
kinds of stimuli. In the human these reactions occur usually in 
less than a minute after the onset of the stimulus and involve 
mostly autonomically-mediated behavior. As alre 
the section on the OR, there is ample literature 
the onset of stimuli, 
Since to my knowled 


ady indicated in 
on the effects of 
surprise, novel, or routine and familiar. 
ge this literature makes no distinctions 
between novelty and surprise in the sense that the terms are 
being defined here, there is no data on autonomically mediated 
responses available that would support a distinction between the 
two in terms. It is speculated, though, that surprising events (a) 
would produce more intense OR’s than novel stimuli—e.g. 
greater GSR amplitudes, (b) would produce more pronounced 
and identifiable expressive behavior—e.g, characteristic changes 
in facial expression and postural changes, such as a slight back- 
ward movement of head and trunk, and (c) could be perceived 
as slightly more threatening, thereby producing an OR with a 
greater and more rapid defensive component than novel stimuli. 
Novel stimuli, if threatening, could also elicit defensive reac- 
tions, but such reactions would have lon 
even be topographically different th 

The third distinction between surprise and novelty has to do 
with the individual’s responses that occur after the first-phase 
response occurs. When the novel stimulus impinges upon the 


ger latencies and may 
an surprise reactions. 


SURPRISE AND COGNITIVE DEVELOPMENT 277 


Organism, attention is elicited and directed to it and it alone. 
Such attention can range from a passive taking in of the new 
stimulus elements (a consummatory act) to an enthusiastic 
examining of them. In neither case, however, does the individual 
expend effort in exploring beyond them to determine what made 
such events possible or brought them about. He may search for 
additional novel stimuli after having exhausted a particular 
novel stimulus, but not seek the determinants of the novelty. As 
a result of this activity, the cognitive restructuring that takes 
Place is limited to the stimuli themselves rather than to the more 
complex issue of the causal mechanisms underlying them. In this 
Sense novel stimuli comprise a lower form of intellectual stimula- 
tion than surprise stimuli. 

One final distinction. Like startle and surprise, novelty and 
Surprise do not begin to characterize the individual’s experiences 
at the same time during ontogeny or at the same rate. Almost 
any stimulus change in the first few days of life is novel and the 
individual can continue to experience novelty until death, in 
Many cases with hardly any effort on his part in obtaining it. 

‘prise, as already noted, is only experienced after the infant 
Nas built up relevant expectations and can only continue to be 
experienced if new expectations are continually built up, a task 
that becomes progressively more demanding as he grows older 
and gradually exhausts the unexpectedness or uncertainties of 

1S environment. 

In conclusion it should be reiterated that there is little to be 
Bained from reducing surprise to the OR, novelty, or startle 
` Cause of experimental convenience or greater current popular- 
ity of any of thé latter, The term surprise implies more than any 
one of them and the implications are worth pursuing, insofar as 
. SY relate to cognitive structures and the mechanisms involved 
in changing them. Before going into the latter, however, surprise 


ast be more explicitly and exhaustively analyzed. This can be 
rise in terms of what factors 


0 
ne best by a description of surp 
y interact sequentially over 


ar 
ti © actually involved and how the 
Ime, 
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Description of surprise 


Surprise can be understood as implying: (1) a known, and hence 
potentially manipulable set of external stimulus circumstances 
that bear a particular relationship to (2) certain measurable 
dispositional properties of the individual loosely referred to as 
cognitive structures that are viewed as responsible for the pro- 
duction of (3) expectancies that both aid the individual in 
responding to the stimulus circumstances at the moment and also 
determine the total physiological changes and overt responses 
that occur when the expected outcome of the stimulus circum- 
stances is discordant with the stimulus circumstances them- 
selves.° The whole chain of events that entails both structural 
(cognitive) and dynamic (emotional) systems in the organism 
properly constitutes the surprise phenomenon and helps distin- 
guish it from such phenomena as startle, the OR, and novelty. 


Specifically, surprise can be defined in terms of the following 
sequence of events: + 


PHASE EVENTS 
Initial stimulus A stimulus, S-1, impinges upon the indi- 
(manipulable ) vidual. 


A relatively weak or moderate OR is elic- 
ited, accompanied by overt attentional be- 
havior to S-1. 


Associative As a result of a schema formed earlier, S-1 
(inferred ) is recognized as being associated with a pre- 
vious experience, S-2. Recognition is defined 


° Surprise is presented here as a guess as to what some of the variables are that 
control the behavior and behavior-produced circumstances in cognitive develop- 
ment. In this sense, surprise is being introduced as a hypothetical construct and 
ideally should be defined in such a way that the researcher will be able to (1) 
specify what stimulus conditions are to be manipulated and what responses mea- 
sured for purposes of testing deductions from the construct, (2) define at a more 
refined level than currently known relationships between stimulus and response 
variables that are not yet fully understood, and (3) point to existing physiological 
mechanisms that underline the surprise mechanism. 

ł This sequence has in part been anticipated by other writers, notably Wood- 
worth (1954) in his paradigm of sequence learning, a paradigm which as Berlyne 
(1960) points out, is broad enough to fit classical and instrumental conditioning. 
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Assimilative 1 


(inferred) 


Assimilative 2 
(observable ) 


Surprise stimulus 
(manipulable ) 


as the process of matching stimulus inputs 
with already stored information. 

An expectancy of S-2 is generated by the 
same schema. This is the schema’s first assimi- 
lative function—the expectancy is covert and 
represents the forthcoming situation; it is the 
first relevant action taken by the individual 
towards the stimulus. 

The second assimilative act occurs in the 
form of overt anticipatory or preparatory be- 
haviors to receive, act upon, or bring about 
S-2. Such behaviors may involve 

(a) postural changes that orient the indi- 

vidual’s sense receptors toward the antici- 


pated locus of S-2. 
(b) maintenance of attention toward the 


locus of S-2. 

(c) actual approach behavior, such as 

reaching or locomoting toward the antici- 

pated locus. 

(d) responses that act upon the environ- 

ment in such a way as to make perception 

of S-2 possible—e.g. removal of a barrier 
between the individual and stimulus locus. 

(e) carrying out any number of manipula- 

tive operations that will bring about S-2— 

e.g. arranging sticks in a transitivity task, 

weighing deformed objects in a conserva- 

tion task—in other words, any operation to 
check the validity of the expected outcome. 

A relatively weak or moderate OR may be 
associated with such preparations. 

All five classes of behavior demonstrate in 
varying ways that the individual has had ex- 
perience with S-1 and S-2, and hence can be 
used as indicators of S’s knowledge of the 
connection between S-1 and S-2. 

Most of the behaviors in this phase are 
operants, subject to modification through in- 
strumental conditioning. 

Instead of S-2, a different stimulus, S-2’, 
impinges upon the individual. 
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Surprise reaction 


(observable) 


Surprise decay 
(observable) 
Accommodative- 
assimilative 
(observable) 
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The individual reacts to S-2’ with a strong 
OR that is frequently accompanied by an ar- 
resting of gross motor behavior immediately 
followed at times by changes in facial expres- 
sion and posture. 

(a) Attention, in the form of orienting and 

fixing the sense receptors, is immediately 

and involuntarily focused upon S-2’. 

(b) Higher level cognitive processes are 

momentarily suspended, hence there is little 

cognitive processing of S-2’ other than a 

possible very rapid evaluation of whether it 

is noxious or not. 

(c) The surprise reactions (v. section on 

Diagnosis) can be used as indicators of S’s 

knowledge of the connection between S-1 

and S-2. 

(d) Most of the processes in this phase are 

autonomically mediated, hence less subject 

to instrumental conditioning than the op- 
erants in the first assimilative phases. 

The various OR components diminish and 
gross motor behaviors are disinhibited. 

Depending upon prior experiences, one of 
the following classes of overt accommodative 
or assimilative behaviors can occur: 

(a) The individual manifests approach be- 

havior to S-2’ in the form of exploratory 

behavior—locomotor, attentional, manipu- 
latory, or verbal. 

(b) The individual manifests avoidance 

behavior in the form of orienting towards 

other stimuli and/or locomoting away from 

or verbally denying S-2’. 

(c) The individual engages in neither ap- 

proach nor avoidance behavior, but remains 

indifferent to S-2’ and is ultimately dis- 
tracted by other stimuli. 

Most of these behaviors are operants sub- 
ject to modification through instrumental con- 
ditioning. 
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Behavioral side effects, such as aimless 
smiling, expressions of annoyance, change of 
position, nervous giggling, inconsequential re- 
marks to the observer may accompany the 
above behaviors. Emotional states associated 
with these side effects may vary widely. A 
positive, neutral, or even mildly negative 
hedonic state may accompany the approach 
behavior. The same may be said for the 
avoidance behavior, although such behavior 
is most probably accompanied by a moderate 
to strong negative hedonic state. The indiffer- 
ent behavior is most probably accompanied 
by a neutral hedonic state. 

Outcomes At this point the surprise sequence proper 
(observable under terminates and one of a number of outcomes 
future test conditions) ensues. 

(a) The various approach behaviors result 

in one of the following—(i) the inclusion 

of S-2 along with S-2, thereby partially 
modifying the original schema which re- 
lated S-1 only to S-2; (ii) omitting S-2 and 
retaining $-2’, thereby radically altering the 

original schema; or (iii) omitting S-2’— 

dismissing it as an exception or anomaly— 

and retaining S-2, thereby maintaining the 
original schema. 

A decrease in the efficacy of S-2 to produce 

an OR on subsequent occasions is associ- 

ated with the first and third outcomes. If 
the second outcome occurs, the efficacy of 

S-2 to produce an OR on a subsequent oc- 

casion increases. 

The approach behavior itself is most prob- 

ably reinforced as a result of its consequen- 

ces (i.e. through acquisition of new knowl- 
edge and/or improvement in adaptability). 

(b) The outcomes of the avoidance behav- 

ior for the schema are slight, if any. All that 

may result is a slight increase in the prob- 
ability that an expectancy of S-2’ will be 
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generated on a subsequent occasion and 

that S-2’ will lose its efficacy in producing 

an OR. 

The avoidance behavior itself may be rein- 

forced as a result of its consequences (e.g. 

fear-reduction). 

(c) The consequences of the indifferent 

behavior leave the schema unmodified. 

S-2’ probably loses some of its efficacy in 
producing an OR on subsequent occasions. 
The indifferent behavior itself, however, is 
probably reinforced (e.g. possibly because it 
momentarily preserves equilibrium). If, how- 
ever, knowledge that S-2’ and S-1 are associ- 
ated is necessary for adaptation, indifferent 
behavior will ultimately extinguish. 


Whether this description completely and accurately accounts 
for the major events that take place when an individual is sur- 
prised by a misexpected event has still to be demonstrated. As it 
stands now, it is complete enough both to allow a closer analysis 
of problem solving situations that call into play Piagetian-type 
structures and ultimately result in their modification and to 
make it possible to improve our current diagnostic techniques. 


Cognitive structures, their ontogenesis, and surprise 


Surprise as it has just been described is a relevant construct to 
apply to Piagets view of cognitive development for two major 
reasons—(1) because of the particular nature of many of the 
cognitive structures he deals with, and (2) because of the 
manner in which such structures appear to be involved in prob- 
lem solving situations during ontogenesis. 

Most of the cognitive structures elaborated upon by Piaget 
share similar beginnings—their first forms develop as a result of 
the child’s prolonged everyday contact with the physical envi- 
ronment. The outcome of this contact is that such structures 
inexorably come to reflect the invariances and lawfulness char- 
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acterizing physical phenomena.® Toys, furniture, and people 
preserve themselves even while hidden from view; the substance, 
weight, and volume of candy, pencils, and water are always 
conserved despite changes in their form or distribution; arithmet- 
ical operations, which Piaget conceives of as derivatives of phys- 
ical actions upon physical objects, perform their functions with 
amazing constancy and accuracy; and logical propositions are 
bound together in wonderfully immutable relationships. And as a 
further consequence of all this, the child gradually learns what is 
possible and what is impossible and also the distinction between 
the two. He develops a sense of necessity that certain events 
must occur, that others can never occur, and that certain rela- 
tionships (e.g. transitivity) between objects or representations of 
them must hold forever. His experiences with lawful phenomena 
ultimately produce in him a degree of conviction concerning the 
validity of his knowledge that he cannot enjoy in probabilistic 
domains of experience that are forever capable of keeping him 
in uncertainty. The organization and coordination of what he 

nows into a gradually tightening logical system provides him 
with a powerful method of reducing a sizable segment of reality 
to predictable and hence controllable proportions. 

There is a further aspect, however, of such growth that is 
frequently overlooked. Associated with such structural changes 
is an emotional change in the form of a heightening sensitivity 
to deviations from the logical system that sets limits to his 
thought. This sensitivity may never be apparent to others or even 
to the child himself, until the system fails to account for a mis- 
expected experience. Then the dynamic aspect of the system 


Suddenly becomes apparent. One need only casually perform a 


Magic trick without announcing it as such to detect the latent 


€motional power of the knowledge concerning the laws of phys- 
ical reality. The normal surprise reaction is immediate, and 
frequently dramatic, and when the individual recovers, a series of 


° è x ii 

Piaget may find this interpretation too empiricistic, but I find it difficult to 
Conceive of the child’s constructing environmental invariances. It is easier to imag- 
ine that such invariances impress themselves upon the child regardless of tenden- 


cies s 
on his part to assimilate them or not. 
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adjustive responses is set in motion. The intruding event must 
be either ignored or explained away to preserve the integrity of 
the existing system; if this fails, the system must undergo 
modification. 

Sensitivity to departures from physical and logical laws and 
the relation of such to sensitivity intelligence has been acknowl- 
edged in psychology, but given little attention. Terman (1916) 
regarded sensitivity to contradictions as one of the most distin- 
guishing characteristics of a bright and dull person, thus making 
it a valuable process to tap in an intelligence test. Such sensitiv- 
ity, though, need not characterize the developing mind at all 
points in its development, however, as Piaget (1926; 1928) has 
pointed out, the average child is not sensitive until about eight 
years old. The value of this aspect of cognitive growth for diag- 
nostic purposes will be discussed in more detail later. 

In addition to growing up in a lawful world closed for the 
most part to anomalies, the child grows up in an open, prob- 
abilistic one. If Piaget (1946) is correct, it takes the child 
about seven years to recognize this and to distinguish between 
the two. In the probabilistic world, events are not completely 
predictable, causes not always known, control of objects is sub- 
ject to the caprice of undeterminable factors. A ball rolls into 
unpredictable places, glass breaks in unexpected p 
appear at unheralded times, friends keep then bre 
ises, act whimsically without warning, and say and do novel 
things. The child’s cognitive adjustment to this ceaseless variabil- 
ity and apparent lawlessness is eventually assured, but in a way 
presumably somewhat different from the way he adjusts to the 
lawful environment. 

It is at this point, though, that certain distinctions between 
novelty and surprise alluded to earlier take on added signifi- 
cance. These dimensions are briefly listed here to point out 
distinctions between the structures particularly concentrated 
upon by Piaget and those that reflect the probabilistic aspects of 
reality. Familiarity is added as a dimension that contrasts with 
novelty. The sequential description of surprise provided earlier is 
adhered to here whenever possible. 
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The relevance of surprise for development of cognitive struc- 
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Table 1 


Dimensions along which surprise, novel, and familiar stimulus 


situations can be distinguished when dealing with cognitive 
development as described by Piaget. 


Surprise 


Novel 


Familiar 


Initial stimulus, S-1 
that activates the 
structure to produce an 
expectancy 


Properties of structures 
responsible for the 
associative phase 


Behavior elicited 
m assimilative 
Phase 2 


Stimulus outcome 


Surprise reaction 
Surat F 
urprise reaction decay 


Accommodation- 
assimilation phase 


Outcome 


Instance of a 
known class 


Unambiguous 


Determinate 
Logical 
Deductive 


Universal 


Clearly 
definable 
Goal-directed 


Rapid 


S-2’ 

Counter- 
instance of a 
known class 

High informa- 
tion value 

Was mis- 
expected 


Intense OR 


Slow 


Very slow ac- 
commodation 
or rapid as- 
similation 


Drastic or 
slight modi- 
fication of 
original 
structures 


Instance of a 
partially 
known class 

Ambiguous 


Probabilistic 
Empirical 
Inductive 


Local 


Not clearly 
definable 

Not completely 
goal-directed 

Slow 


5-2” 
Noninstance of 
a known class 


Moderate infor- 
mation value 

Was un- 
expected 


Moderate OR 

Rapid 

Moderately 
slow assimila- 


tion and ac- 
commodation 


Slight modifi- 
cation of 
original 
structures 


Instance of a 
known class 


Unambiguous 


Probabilistic or 
determinate 
Empirical or 
logical 
Inductive or 
deductive 
Local or Uni- 
versal 


Clearly de- 
finable 
Goal-directed 


Rapid 


S-2 
Instance of a 
known class 


No information 
value 
Was expected 


No OR 


Rapid assimi- 
lation 


No modifica- 
tion of origi- 
nal structures 
other than 
strengthen- 
ing them 
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tures is harder to demonstrate than its relevance for the struc- 
tures per se. While we can infer structures from organized 
behavior, no one has yet observed how they develop. Conse- 
quently, all existing models of the mechanisms responsible for 
development are based almost totally upon speculation. The 
conflict models are no exception, but they are worthy of atten- 
tion. Most of the models have the following essentials: perturba- 
tion upsets a cognitive equilibrium, conflict results, endogenous 
and learned processes are set in motion to restore the equilib- 
rium, the processes are effective, but as a result the organism’s 
cognitive status is changed—the extent of change depending 
upon the size of the perturbation and other factors. Surprise has 
an obvious place in such a model. Exactly how it may fit will be 
spelled out in more precise empirical terms in the next section. 
How surprise can be said to characterize aspects of the broader 
picture of cognitive development requires some speculation. 
One can argue that an important goal of the kind of cognitive 
development dealt with by Piaget is to reduce environmental 
uncertainty. In a sense this implies reducing the probability of 
being surprised. When we compare the preoperational or con- 
crete operational child with the mature adolescent, there is little 
question that the latter faces less uncertainty in his everyday 
contacts with his environment. Up to sixteen years or so the 
child operates with structures that have only partial adaptive 
value in the sense that they are never quite adequate to cope 
with the full range of problems the environment can pose. If 
presented with a problem of conservation of substance, the child 
at an early age may simply guess at a solution (which is better 
than nothing). At a later age he relinquishes guessing in favor of 
attending to size (which is better than guessing), and at a still 
later age he relinquishes both strategies in favor of insuring, by 
different techniques, that nothing is added or taken away during 
deformation of the object. Until he reaches the latter, he pre- 
sumably has a lot of unexpected experiences, most of which 
represent failures. In this respect the uncertainty or surprise 
and novelty value of his experience is significantly above zero. 
After sixteen or some years of failures and contradictions laced 
intermittently with successes, the child becomes capable of 
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anticipating and regulating his environment with greater success 
and accuracy. That his environment is mainly social at the 
time—his friends, parents, and teachers demand more logical 
behavior from him than when he was younger—does not alter 
the fact that what is demanded of him has roots in his experience 
in the world of physical objects. The Piagetian adolescents 
knowledge, for example, of how to combine and permute allows 
him to predict or bring about all logical arrangements of objects 
or events. This means no errors of inclusion and also none of 
exclusion, Since he can consider all possible outcomes, nothing is 
unexpected. He may misexpect an outcome because he gave it an 
erroneous empirical weighting, but unlike the preoperational 
child he is never, if he so wishes, vulnerable to the unexpected. In 
other words, the tight logical structure of his thought—the pres- 
ence of intellectual operations that have properties of a group or 
of a lattice—places him in the relatively powerful position of 
accounting for all possible contingencies. In this respect a fairly 
large segment of his experience has its surprise and novelty value 
reduced to zero. 

There is no space to pursue such speculations further, but 
they do generate a few questions worth considering briefly. Is it 
empirically demonstrable that the developing child actually ex- 
Periences surprise when his cognitive structures unexpectedly 
fail to meet environmental demands? Is it reasonable to assume 
that the surprise reaction is experienced only the first time a 
Structure fails to do its job of aiding the individual in correctly 
anticipating a situation, or many times until it habituates in the 
Course of the structure’s evolution? Does the surprise reaction 
actually become more intense over time as the child improves his 
Capacity to make increasingly more precise expectancies, but less 
Tequent as his expectancies prove to become more and more 
Veridical as a consequence of structural development? Do more 
dramatic changes in cognitive restructuring take place relatively 
late in development when the individual makes precise predic- 
tions that turn out to be wrong, and less dramatic changes in 
early development when predictions are few and imprecise? In 
Other words, does novelty, as described in terms of imprecise 
expectancies, more frequently characterize subject-object inter-_ 
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action during early cognitive ontogenesis, and surprise more 
frequently characterize the same interaction during late cogni- 
tive ontogenesis? 

There is nothing in the literature to suggest that any attempts 
have been made to answer these questions. No one has moni- 
tored a child for surprise during a normal transitional period of 
cognitive restructuring. The task obviously is awesomely diffi- 
cult, both for technical reasons and because no one is certain 
exactly when transitional periods take place. To obtain OR mea- 
sures over an indeterminate period of time without knowing 
what kind of stimulus conditions we should depend on as 
markers of cognitive restructuring is for the most part, wasted 
effort. While it is possible that restructuring takes place during 
contacts with object—e.g. the child acquires transitivity while 
playing with sticks of various lengths—it is also possible, albeit 
less probable, that he spontaneously acquires transitivity while 
doing nothing but staring passively out of the window. A more 
profitable endeavor is to monitor surprise reactions during train- 
ing periods when the probability is presumably increased that a 
structure will change within a limited period of time. 

In brief, it seems intuitively true that surprise does play a sig- 
nificant role in cognitive development, especially if one is con- 
vinced that one of the functions of structures or schemas is to 
generate expectancies to facilitate the forthcoming overt acts of 
assimilation. Once the expectancy notion obtains a position in 
our conceptualizations of a cognitive structure, surprise auto- 
matically becomes worthy of consideration. To achieve such a 
goal is not impossible. Expectancies can be measuredin a Piaget- 
ian task situation, but we have to devise ways of doing it. The 
first step in this direction falls squarely on the problems of 
diagnosing structures. This is the substance of the next section. 


Diagnosis 


There are at least four classes of responses that an experimenter 
can employ to diagnose a subject’s level of cognitive devel- 
opment—(1) verbal responses, (2) motor behavior in the form 
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of overt instrumental responses such as manipulating and order- 
ing objects, (3) involuntary overt motor behavior in the form of 
expressive responses, such as facial expression and postural 
changes, and (4) autonomically mediated responses (i.e. emo- 
tional responses) such as GSR’s, changes in cardiac rate, and 
respiration. The first two have been conventionally used in test- 
ing subjects for level of cognitive competence; the last two 
classes have been generally ignored by those interested in cogni- 
tive and instrumental motor behaviors. 

It goes without saying that the widespread use of verbal skill 
has come about for at least two reasons—they are relatively easy 
to elicit from subjects, require a minimum of instrumentation 
and controlled testing conditions and, as everyday behaviors 
engaged in by the individual, they are considered by most 
theoreticians to be critically involved in the actual process of 
forming the structures they are employed to reveal. The disad- 
vantages of working with such behaviors are important to con- 
sider. To do this, however, requires discussion of certain theoret- 


ical premises concerning the nature of cognitive structures, a 


Point that will be dealt with later. 

Expressive responses have been acknowledged by early philos- 
Ophers and psychologists as having informational value for our 
understanding of processes and dispositions not evident in overt 
instrumental behavior (see Kirchhoff, 1965). Such processes and 
dispositions, however, were generally what we classify today as 
Personality, rather than cognitive constructs. Expressive re- 
sponses, furthermore, are not usually considered as belonging to 
the same category of responses used for diagnostic purposes in 
education and abnormal psychology. For example, the most recent 


handbook of psychology published in Germany, where extensive 
arried out, contains a volume 


w : ARE 
ork on expressive behavior is © 
te volume on diagnostic 


0 X r 
n expressive psychology and a separa 
method and principles. In short, there are historical as well as 


current conceptual reasons that expressive behaviors have been 


oly excluded from attempts to diagnose cognitive struc- 
ires, 


Autonomically-mediated responses (such as GSR, cardiac rate, 
respiration), of course, have long been objects of inquiry, but 
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not until very recently have they been seriously considered 
relevant for our understanding of changes in performance due to 
learning and cognitive development (Berlyne, 1960). The sole 
exception is the line of work begun by Pavlov when he was 
developing objective methods for studying the analyzing activity 
of the nervous system. One such method involved using the OR, 
but as indicated earlier, he felt that it was a relatively unstable 
response and preferred to use conditioned reflexes instead (Raz- 
ran, 1961). Later Russian investigators interested in a poly- 
effector approach to higher nervous system problems considered 
the OR as an important psychological, as well as a physiological, 
concept that could reveal significant information on perceptual 
and low-level cognitive capacities. Bronshtein & Petrova (1952), 
for example, argued effectively for using inhibition accompany- 
ing the OR as an index of the infant’s capacity to discriminate 
various sounds. Most of these studies were on simple cognitive 
functions in young infants who have poor muscle control and 
thereby limited means of demonstrating any possible cognitive 
competencies they may possess. In spite of the Russian work, 
autonomic behavior has not yet been strongly identified among 
techniques used in the assessment of cognitive capacities. 

As noted above, the theoretical premises concerning the nature 
of cognitive structures is called into question when one begins to 
consider a variety of response systems as possible indicators of a 
cognitive structure. Flavell (1963) was one of the first to bring 
up the issue while discussing the concerns psychologists have 
about depending too heavily upon verbal responses when assess- 
ing level of cognitive competence. Flavell points out that “the 
child’s linguistic comprehension and usage is not independent of 
underlying intellectual structure and orientation” and that “there 
is probably a point beyond which stripping a concept of its 
verbal-symbolic accoutrements makes of it a different, lower- 
order concept, or even no concept at all.” Such remarks were 
directed mainly to the issue raised by Braine (1959) and others 
who employ nonverbal techniques to measure transitivity. The 
issue is far from being settled at the moment, but it does pose 
interesting questions that are further complicated when the 
surprise construct is taken into consideration: (1) what is the 
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justification for defining cognitive structures solely in terms of 
verbal responses and overt problem solving operations such as 
ordering and organizing objects? (2) is there warrant for defin- 
ing them in terms of other response systems as well (expressive 
and autonomic), and if so, what does this imply—that cognitive 
structures are actually independent entities that “employ” any 
response system that happens to be developmentally mature 
enough or appropriate to the problematic situation? Answers to 
these questions will dictate the way in which such structures are 
measured. 

Much for the present depends, of course, on how narrowly one 
wants to define a particular cognitive structure and how many 
structures one feels necessary to postulate. If the ability to solve 
a transitivity problem nonverbally by the correct-arrangement of 
objects is not correlated with the ability to verbalize clearly the 
meaning of transitivity and give examples of it, then there is 
reason for postulating separate structures. However, nonverbal 
transitivity appears developmentally earlier than does verbal 
transitivity and when the latter appears on the scene both exist 
Side by side in the same child. Later acquisitions, however, need 
not completely destroy or displace earlier ones. It is unparsimo- 
nious to postulate two separate structures to account for the 
behavior at two separate times. It seems more reasonable instead 
to assume that (a) different response classes help construct the 
Same concept at different times, (b) different response classes 
can be used to index the same concept at different times, and (c) 
à single concept undergoes a gradual finishing process through 
Cut the whole of ontogeny. In terms of Piaget’s system, all 
Concepts are launched in one way Or another from a sensori- 
Motor base (pragmatic) and then move toward a verbal sym- 
bolic level (epistemic), a process which involves great changes 
I overt behavior. If there is little physical resemblance between 
Concepts at different age levels, there is a logical one that is 
expressed in Piaget’s concept of vertical décalage. 

But suppose we employ noninstrumental behavior systems 
(expressive and autonomic) instead of those behaviors employed 

Y Piaget? As pointed out elsewhere (Charlesworth, 1968), 
Piaget's theory rests on the key premise that cognitive structures 
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or operations develop primarily out of acts, i.e. out of the overt 
instrumental behaviors that the child engages in when coping 
with the environment. To diagnose such structures the investiga- 
tor relies on actions or verbal representations of them. What 
would we discover if we did not use actions to index the child’s 
level of cognitive development, and how would we interpret our 
findings? 

Let us look at the object concept as an example. Development 
of the concept may begin as a vague awareness that objects 
placed behind a screen are actually there and have not just 
ceased to be. At this age the infant perseveres in attending to a 
corner of the screen, but does not reach toward it to retrieve the 
object, a response that Piaget (1954) regards as an important 
indicator of the object concept. The infant does not reach be- 
cause he cannot—his hand-eye coordination is not mature 
enough. Now suppose the same infant five minutes later acts 
visibly surprised when the object, which is hidden under a cup 
for two seconds, “mysteriously” disappears? Or suppose his sur- 
prise reaction is not so overt, but that his OR pattern, whatever 
it may be, is different from the OR pattern obtained when the 
object does not disappear. Suppose too that the OR pattern 
resembles that of a much older child who unquestionably has the 
concept. How would we interpret this finding? Should we con- 
clude that the infant has the concept of object permanence at an 
earlier age than we orginally thought, and that we would have 
never detected it if we had depended upon reaching behaviors? 
Or should we conclude that what we have detected is a stage of 
the object concept that we did not know existed and that actually 
involves cognitive structures that are not primarily sensorimotor 
(active) in their origin, but sensoriperceptual (receptive)? An- 
swers to these questions should raise some interesting theoretical 
issues. Piaget (1954) argues that the construction of the object is 
achieved on the basis of polysensory inputs, the implication 
being that all available sense systems—visual, proprioceptive, 
tactual, kinesthetic—and stimulus-producing systems, such as 
instrumental behaviors (e.g. object manipulation), must be at 
the disposal of the processes responsible for constructing the 
object concept. If they are not, his theory seems to imply, the 


SURPRISE AND COGNITIVE DEVELOPMENT 293 


concept will not develop or at least not develop normally. The 
possibility that the infant may acquire the same structure by 
“passively” observing objects and learning about their behavior 
at a distance without acting upon them is not seriously enter- 
tained by the theory. As with most diagnostic tests, Piaget’s 
technique relies heavily upon the maturational state of motor 
systems and is also vulnerable to such performance factors as 
motivation, attention, and verbal ability, which are subject to 
control by maturation as well as learning. There is sufficient 
evidence that motor and verbal systems tend to lag behind 
perceptual systems in many areas of normal adaptive functioning 
(Maccoby & Bee, 1965). Hence it is conceivable that when 
Piaget’s techniques are used, the age certain cognitive acquisi- 
tions take place has been overestimated, ie. the tests have 
produced a lot of false negatives. Testing noninstrumental motor 
and autonomically-mediated behaviors may produce fewer false 
negatives, but at present we simply do not know for certain if 
this is the case. The opposite could be true. The skillful applica- 
tion of Piagets methods may actually involve more reliance on 
expressive behaviors than is generally thought, and consequently 
produce the most reliable index possible of the child’s conceptual 
level. However, we cannot be certain of this either. 

Let us expand for a moment on some weaknesses of current 
test strategies. A major objection to relying solely upon the 
motor and verbal systems of behavior as faithful indicators of the 
child’s level of cognitive development is that they are highly 
vulnerable to learning experiences. Since they are used instru- 
Mentally in many situations completely unrelated to the concept 
In question, they are subject to reinforcement contingencies that 
vary idiosyncratically across individuals or within an individual 
across different time periods. It is highly probable that a child 
With poor motor coordination due to parental neglect of some 

ind may not adequately demonstrate his awareness of object 
Permanency at the mean age for his social class. To test this 
Notion we would need data on the nature of the experiences that 
80 into constructing a particular concept and either help or hinder 
its development. At present such data are not available. 

On the other hand, using expressive and autonomic responses 
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to diagnose the level of cognitive development has certain ob- 
vious advantages if such responses have the properties of uncon- 
ditioned respondents as Skinner (1938) originally defined them. 
Since they are under control of eliciting rather than reinforcing 
stimuli, respondents are less subject to modification over time 
than are instrumental responses.* One would thus expect that, if 
used properly, respondents would give more reliable information 
about cognitive competencies than instrumental behaviors. 
Being “unconditioned” as well as difficult to condition, respon- 
dents can be viewed as less subject to social-class and culture 
reinforcement contingencies than to instrumental behaviors and 
less subject to variability across time and tasks, as well as across 
developmental stages. 

Consider, for example, the OR. While the various responses 
that constitute the OR are subject to uncontrollable variation 
due to such factors as habituation, these are minor liabilities in 
light of the other properties of the OR that make it ideal in 
measuring cognitive structures. The generality of the OR is an 
example of such a property. The Russians (Sokolov, 1963) have 
abundant evidence to support the claim that the OR takes the 
same form regardless of the nature or intensity of the new 
stimulus and as Razran (1961) points out, regardless of differ- 
ences in the intrinsic nature of novel stimuli, the OR is “specific 
only to the novelty and change characteristics of the stimuli that 
evoke it.” 

Unfortunately, the properties of the OR are not shared by 
other surprise response systems that can be inserted or partly 
inserted into the respondent category. Facial expressions and 
posture, apart from the fact that they can be both involuntary 


° There is some recent evidence (Kimmel, 1967), though, that does not support 
the notion that respondents are immune to shaping through externally controlled 
reinforcement. But achieving control over blushing or a GSR in a laboratory does 
not necessarily mean that such responses are significantly modified by reinforce- 
ment contingencies during normal ontogeny. The probability of any human’s hav- 
ing an everyday experience during ontogeny comparable to most operant lab 
experiences is close to zero. Using such an ecological validity argument at this 
Point is justified since the issue at the moment is centered on measuring cognitive 
development in normal infants and children who go about making cognitive 
Progress with minimal consciously controlled intervention from outsiders, 
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and voluntary, expressive and instrumental, are not easily subject 
to satisfactory measurement.” Nevertheless, they are sources of 
information about the subjects internal states and may well be 
employable for diagnostic purposes at age levels when the sub- 
ject does not use facial expression and posture to control his 
environment. 

Areas of psychological research outside the realm of cognitive 
development have employed noninstrumental behaviors to ascer- 
tain accurate information about internal states that could easily 
be lost through intentional distortion or other disruptive perfor- 
mance variables. The work on lie or guilt detectors is an exam- 
ple. Lykken’s (1959, 1960) successful use of the GSR in guilty 
knowledge detection has led him to conclude “that there is a 
distinctive pattern of physiological response which accompanies 
lying and which can be distinguished from that which accom- 
panies truth telling.” Other researchers such as Hess and Polt 
(1966) and Hess (1965) have successfully utilized pupil diam- 
eter as a sensitive indicator of the subject’s mental state at the 
time. And there is some evidence (as noted earlier, see Charles- 
worth, 1966) which suggests that expressive responses obtained 
under Trick Conditions are slightly better predictors of object 
concept level than verbal (instrumental ) responses under the 
Real Condition. 

The way to employ expressive an 
responses diagnostically can easily be imagine 


d autonomically-mediated 
d now in terms of 


conducted on the possible use of facial 
h as emotions and attempts have 
1952). So far the results have 


° 

Considerable research has already been 
Fipressions as indicative of internal states suc 
been made to scale such expressions (Schlosberg, 
not been very exciting, although some more recent attempts by Engen & Levy 
(1956) and Abelson & Sermat (1962) show promise. It is not difficult to explain 

lack of progress in this area if one recognizes that the primary data gathered 
ly been in the form of photographs. What 
total expressive output of the mo- 
ction-of-a-second facial movement? 
ial expressions has developed on the 


ee of faces in action, not on the basis of s 

a acial expressions are the obvious solution 

Pproach still has numerous difficult measurement problems to overcome. Hope- 

aly they will not deter the enthusiastic researcher. The first counterproductive 
€P one can take in a research program is to ignore an interesting phenomenon 
ecause it is difficult to measure. 
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all that has been said about surprise. The experimenter’s main 
interest is in whether the subject has a particular expectancy 
about a forthcoming event, the inference being that if he does, 
he has a cognitive structure for the event. In the case of the 
concept of rotation, for example (Charlesworth & Zahn, 1966), 
the experimenter provides the subject with a row of pegs in a 
board, covers the board, and rotates it 180 degrees about a 
central axis. The subject’s job is to attend to the rotation care- 
fully and determine where the various pegs are. At the end of the 
rotation, the experimenter points to a place on the bar—e.g. to 
the far left side. The subject’s job is to wait until the cover is 
lifted, then quickly reach up to a panel of levers and pull the 
lever corresponding to the peg on the far left of the row. His 
reaching to pull the lever is an operant, but the speed with 
which he starts to respond (latency) and with which he pulls 
the lever (response speed) is not. Latency and speed are two 
properties of his response in this task that can be viewed as 
involuntary, and in this sense as expressive. The experimenter 
can construct the apparatus such that a 180-degree rotation will 
produce an inverted order of objects, as it normally would 
(hence Real Condition), or he can rig the apparatus to produce 
an order (e.g. the initial one) which is physically impossible 
under normal rotation conditions (hence Trick Condition). If 
the subject is convinced that a 180-degree rotation produced an 
inverted order, then his response time will be significantly differ- 
ent (slower) when he is presented with the Trick apparatus than 
when presented with the Real. Such a subject would be rated as 
having the rotation concept. A difference score between a sub- 
ject’s response under the Real Condition and under the Trick 
Condition can be used as the measure as to whether he is 
discriminating between the two situations or not. If the subject is 
convinced that a 180-degree rotation had no effect on the order, 
then his response would be different when presented with the 
Real than when presented with the Trick apparatus, but most 
probably in the opposite direction. If he is not certain what the 
outcome is going to be, ie. he has no precise expectancy and 
hence is guessing, then his response time would be roughly the 
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same for both Real and Trick situations. In the Charlesworth 
and Zahn study (1966), subjects who were rated on a criterion 
task as having the rotation concept, showed significantly longer 
reactions when tricked than when not tricked and tended to be 
more sensitive to the differences between the two situations than 
subjects not having the rotation concept. The latter finding was 
illustrated by a significant biserial correlation (r, = -60) between 
reaction time and demonstrating understanding of rotation on 
the criterion task. 

The techniques used to measure level of comprehension of 
rotation are based on principles that can be applied to any 
assessment situation where Piagetian or other concepts are 
being tested. The question asked remains the same—is the sub- 
ject sensitive to apparent violation of the laws governing the 
events before him? Does he act surprised—make a pronounced 
OR—when the law is apparently violated and show no surprise 
when it is not? If he does, it is assumed that his ability to 
discriminate between the two situations reflects the presence of a 
cognitive structure that faithfully represents the lawfulness of 
the situation. If he does not respond differentially, it is assumed 
that the structure is absent. Independent measures of the struc- 
ture, for purposes of verification, can be obtained by using 
Instrumental behaviors. 

In addition to response differences, response intensity may be 
a good indicator of the subject’s expectations and hence cogni- 
tive level. For example, an infant not having the object concept 
may show no OR when an object placed under a cup suddenly 
disappears (Trick Condition). When the object does not disap- 
Pear, the same infant may show at best a moderate OR—perhaps 
because the object is novel or at least more interesting than the 
Cup or the empty table top. This OR may be of the same inten- 
sity as that obtained when the object is first presented to the 
infant. An infant having the concept, on the other hand, should 
show a pronounced OR when the object disappears, and at best 
à moderate OR when it does not. A transitional subject, one who 
acts as if he has the concept half of the time and as if he does 
not the other half, should probably show weak or moderate OR’s 
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in both conditions or alternate between strong and moderate. It 
would be interesting to test these predictions experimentally. 

Another contribution of the expressive and autonomically- 
mediated response technique is its use in training situations 
where the experimenter desires a probe test of the subjects 
progress, or an additional measure to test for generalization. 

The idea of using apparent violation of physical or logical laws 
or some kind of unexpected trick to test a subject’s knowledge is 
not new, although it has been rarely used. Terman (1916) 
applied the idea in the Stanford-Binet in the form of a test 
for detecting absurdities; Dixon (1949) used an illusion in an 
ingenious technique to measure sensitivities to contradictions, 
and Smedslund (1961) employed a trick as part of an extinction 
procedure to determine the extent to which subjects in various 
training situations acquired the concept of weight. Furthermore, 
Piaget and his colleagues have long employed a variation of the 
same idea in their technique of countersuggestion. By telling the 
child without warning that he is wrong, or that someone else 
came up with an answer different to his, they hoped to test the 
strength of the child’s conviction about the validity of his own 
solution to a problem. A competent child in such a situation 
must surely be surprised by the examiner's remark and the 
examiner, in return, surely influenced enough by his surprise 
reaction to give some weight to it in his diagnosis. 

Whether expressive and autonomically mediated responses 
prove to be good diagnostic indicators of cognitive growth 
remains to be seen. While on the whole they are less subjective 
than the orthodox techniques, they are certainly not as easy to 
apply. Illusions about the ease with which one can obtain reli- 
able measures of the OR, facial expressions, and the like are 
quickly dispelled on the first attempt to obtain them. But not to 
use such measures is to miss both a chance to improve current 
diagnostic techniques and, worse yet, an opportunity to under- 
stand more about the dynamic aspects of cognitive structures 
and their development. Some suggestions as to what these 
dynamic aspects may be are presented in the next section on the 
mechanism of cognitive change. 
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The surprise mechanism of cognitive change 


There are a number of existing descriptions of mechanisms 
purportedly responsible for cognitive change. As suggested ear- 
lier, Berlyne’s notion of conflict and Piaget’s concept of equili- 
bration are the most relevant for the surprise thesis and there is 
no question that the latter is indirectly indebted to both of them. 
The surprise concept is an attempt to list and, hopefully, to 
specify more exactly than the other two the variety of possible 
functions conflicting or contradictory stimuli may serve in the 
developmental advancement of cognitive structures. It is diffi- 
cult, though, to marshall adequate empirical support for each 
function, Berlyne’s (1964) paper on the emotional aspects of 
learning and Razran’s (1961) on the role the OR plays in con- 
ditioning are the best relevant sources, but their range of topics 
does not completely overlap with what the surprise concept 
requires, What follows is at best a restricted empirical treatment 
of the topic and at worst an unrestricted drift into more spec- 
ulation. 

As has been noted earlier the surprise reaction can be viewed 
tom a broad perspective as one of many interfacing events 
etween a point where no progress is being made in the develop- 

Ment of cognitive structures (a state of equilibrium) and a point 
where the individual has the opportunity to take relevant steps 
toward such progress (a transient state of disequilibrium). It is 
assumed that, as an event, the surprise reaction has a number of 
stimulus functions that are capable of either setting conditions 
or subsequent responses to occur or actually instigating the re- 
SPonses themselves. 

__One possible cue function is that of aiding the individual to 
identify as a class those stimuli that have no property in common 
Other than the fact that they are novel or-surprising. Once iden- 
tified as such, the stimuli are then reacted to in an appropriate 
ashion. The OR, for example, can come to act both as a general 
Signal for the failure of certain schemata to assimilate an unex- 
Pected event and as a specific signal for the individual to engage 
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in behaviors that will remedy the situation. Since attentional and 
curiosity behaviors of one form or another generally constitute 
the first step in restoring the balance upset by the novel stimuli, 
p y 
they bear a special functional relationship to the OR. However, 
F 

the connection between the OR and subsequent behaviors as 
alluded to earlier is by no means firm. Responses other than 
curiosity may be conditioned to it.° 

Nevertheless, the extent to which surprise, attention and curi- 
osity are connected is very important for the study of cognitive 
development. It is a truism that attention to stimuli is necessary 
if the stimuli are to become part of and help reshape existing 
cognitive schemata. And it is becoming almost a truism in Piaget- 
ian research with children, that one of the defects of a child’s 
approach to many problems is his weak or nonexisting ability to 
attend to details, his lack of awareness of certain properties of 
objects, and his frequent insensitivity to contradictions provided 
by simultaneously or temporally presented stimulus items. In a 
conservation task, for example, it is only by paying very close 
attention, and even at times by being actively curious, that the 
child can insure himself that the object maintains its major in- 
variant properties under apparent transformations. In short, he 
must know all the relevant facts that constitute a problematic 
situation and most of the facts can only be obtained by means of 
appropriate attentional behaviors. Factors instigating and main- 
taining attention appear, therefore, to be of primary importance 
in undertaking cognitive change. There are some data to suggest 
° It may be that the schemata of attention, active curiosity, or defensive reactions, 
such as flight, may have different relationships to the OR during different stages 
of ontogenesis. The association, for example, between attention (focusing sense 
receptors upon the novel stimulus) and the OR may be built in at birth—i.e. 
attention starts off with respondent status. But gradually over time a second form 
of attention develops that submits more to central rather than peripheral or 
exogenous stimulus control; it becomes an operant under “voluntary” control and 
hence subject to reinforcement contingencies. Active curiosity behaviors (actual 
locomotion, manipulation, and verbal inquiry), on the other hand, appear to have 
their genesis in other non-OR related systems and activities and presumably only 
gradually become attached through learning to the OR. If this is true, children 
may actually have to learn to be actively curious after being surprised, and that 
differences in curiosity behavior in children may be directly due to the way in 


which curiosity behavior subsequent to surprise is reinforced. The consequences 
of such differences for cognitive development are obvious. 
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that high uncertainty (hence in part high surprise) stimulus 
conditions not only instigate attentional behaviors, but are more 
effective in maintaining them over relatively long periods of time 
than are low uncertainty conditions (Charlesworth, 1966b). Such 
data, though, are based on a relatively restricted stimulus situa- 
tion. A greater variety of situations should be examined and more 
thought given to other aspects of the relationship between atten- 
tion and cognitive change. Fortunately, promising attempts are 
currently being made in this direction. Jeffrey (1967), for ex- 
ample, makes a plea for focusing effort upon attention as a 
means of understanding cognitive development and presents a 
number of arguments that reveal a possible link between schema 
Construction and the OR. 

While certain components of the surprise reaction may have 
an instigatory effect on attentional and curiosity behaviors, other 
Components apparently have an inhibitory effect on other behav- 
tors. As the description of surprise earlier indicated, one result of 
an unexpected stimulus is to disrupt the behavioral chain by 
momentarily inhibiting ongoing gross motor behaviors. One ap- 
Parent effect of this inhibition is to make it easier for attentional 
or curiosity behavior to occur. Tomkins’ (1962) idea of the 

Clearing” action surprise or startle has on the central nervous 
System is relevant here. 

Besides having more or less specific i 
Cue value for the individual, the surprise reaction may also have 
à general arousal effect that influences stimulus reception and 
Selection as well as the amount of information processing that 
Subsequently follows. A number of fairly recent studies (some of 
ich are reported in Berlyne, 1964) deal with the general 
usal effects of unexpected events, the effects being viewed in 
Many ways—as frustrating, generally pleasing, or hedonically 
ie The possibility that unexpected stimuli heighten general 
he in a partial reinforcement situation br ae 

€ to the greater-resistance-to-extinction effect, 88 
Y Charlesworth (1966b). : _ 
€ first phase of the surprise reaction predominantly involves 
© dynamic effects of the reaction upon attention and other 


si à eea 
Multaneously occurring behaviors. The reaction’s positive effect 


nstigating and inhibiting 
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on higher mediational processes presumably does not become 
apparent until shortly after this phase. There are numerous such 
processes; only a few will be treated here. 

One of the most introspectively salient but ambiguous effects 
of an unexpected stimulus on an individual has to do with those 
cognitive experiences covered by the terms illumination and 
insight. Both terms refer in part to a relatively sudden increase 
in consciousness as a result of an intruding event or the sudden 
solution of a problem. 

Early accounts of consciousness maintained that the disrup- 
tion of smooth-running behavior produced a heightened con- 
sciousness frequently resulting in an effort to restructure the 
existing cognitive structures. Such restructuring ultimately meant 
taking the disrupting agent into account. Later psychologists, 
such as Humphrey (1951), who were primarily interested in 
thought processes, maintained that images that impede the flow 
of thought tend to be more clear and concrete than those that 
do not. The Gestaltists’ “aha Erlebnis” refers to the same 
phenomenon, but perhaps on a higher plane—to instances of 
unexpected clarification of a mystery, or a sudden discovery of a 
solution to a vexing problem. The array of phenomena referred 
to here shares in principle a number of the elements in the sur- 
prise model—the individual moves along smoothly (assimilat- 
ing), or attempts to solve a problem and fails (because he is 
assimilating and not accommodating or vice versa), then a sud- 
den unexpected or misexpected event occurs that arrests behav- 
ior and heightens attention or awareness. While those interested 
in this phenomenon, to my knowledge, have not examined the 
physiological responses of subjects during moments of such 
insight, it is conceivable that such responses would fit into the 
OR framework. Furthermore, if we analyze the antecedent or 
predisposing conditions for both surprise, as defined here, and 
insight, they appear to have some elements in common. Surprise 
has generally been viewed as involving a mismatch between an 
“internal” expectancy and an external event, but this may be an 
unnecessarily limiting view. It could well include a mismatch 
between two internal elements. Piaget makes a distinction be- 
tween thought being in accord or not in accord with itself. Sensi- 
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tivity to contradiction can imply being aware of discrepancies be- 
tween: (1) two external stimuli, (2) an external stimulus and 
an internal stimulus in the form of a memory trace, or (3) two 
internal stimuli. All three instances can occur in various degrees 
of concordance or discordance. It seems reasonable to assume 
that expressive and autonomically-mediated responses to discor- 
dant internal stimuli would share at least some properties in 
Common with the responses to discordance between an external 
Stimulus and an expectancy. If they do, the application of the 
Surprise model to instances of insight is partially vindicated. 
Further justification for pushing such similarities can be 
obtained by demonstrating that in any instance of discordance 
New information can be accrued. One can accquire new infor- 
mation by piecing together two pieces of old information—as 
Bochenski (1965) points out “indirect acquisition of knowledge 
Proceeds by inference,” i.e. from one symbolic (internal) repre- 
sentation to another. While dropping off to sleep, one may idly 
Put “two and two together,” suddenly be surprised at the result, 
and never be the same thereafter. 
S the surprise reaction experienced at such a moment the 
Same as that when an external event disagrees with an expec- 
tancy or when two contradictory pieces of information are con- 
veyed to us at the same time? In pursuing the relevance of such 
notions for cognitive development, we can ask whether the same 
mechanism underlying a structure’s transition from one develop- 
mental stage to another operates in short-term problem-solving 
‘stances conventionally calling for insight. Is each significant 
€velopmental change in a structure preceded by an attempt at 
assimilation that fails followed by an increase in consciousness, 


a i R? Some 
awareness of new relationships, and a pronounced O y- 
` answered before too long i 


lly involved in the acquisi- 


a Piagetian concept. The possibility that the e 
(S al concepts may in effect be an all-or-none p. dre 
: poss & Ginsberg, 1963) provides some hope for a productive 
oalit: > : 
a'ition between discontinuity in 
evelopment, 
n addition to cueing attentional or curiosit 
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“illuminating” situations or relationships, the surprise reaction 
may have other properties that influence the individuals behav- 
ior after the first phases of the surprise reaction subside. These 
properties can be loosely referred to under the rubrics of mem- 
ory, reinforcement, and habituation. 

Desai (1939) discusses the effects of surprise on memory and 
comes to the conclusion that it is mainly detrimental. In contrast, 
Jersild (1929), von Restorff (1933), and Green (1956) maintain 
that unexpected events generally tend to favor recall. Both view- 
points probably are correct in one way and incorrect in others. 
There are a number of different factors to take into consider- 
ation, and one weakness of the surprise notion as it is presented 
here is that unexpected stimuli can have two opposing effects— 
they can result in a negative hedonic tone followed by fear and 
then flight or immediate repression of the surprising circum- 
stances, or they can result in a positive hedonic tone followed by 
approach behavior or immediate retention of the circumstances. 
The hedonic tone can also be neutral. Furthermore, to make 
matters more difficult, it is possible that there is immediate 
repression or denial of the unexpected stimuli followed much 
later by almost total recall. For example, if in a debate with a 
friend, the friend takes one’s own “well-thought-out” argument, 
leads it predictably from one familiar step to another, but then 
suddenly pushes it to a logical conclusion one never thought of 
(a conclusion that is in direct contradiction with one’s own), the 
results may be so devastating, incomprehensible, or both that 
one immediately writes it off as an invalid argument and “for- 
gets” it—forgets it, that is, until a calm, protected day of soli- 
tude. Then it all comes back and one’s well-thought-out argu- 
ment is indeed recognized as fallacious. When it is pointed out 
to children, for example, that their rules governing the behavior 
of objects are riddled with contradictions, they frequently ap- 
pear unimpressed. It may well be, however, that such an experi- 
ence is not lost upon them and that only much later does it “come 
back” and help them achieve a more veridical picture of reality- 
Whatever the case, there is little existing knowledge about the 
effects of an unexpected event on subsequent memory. 

When surprise is looked at in terms of reinforcement theory 
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the ensuing problems are almost as great as when looking at it in 
terms of memory. There is ample research evidence (Berlyne, 
1960; Fowler, 1965; Smock & Holt, 1962; Cantor & Cantor, 1964; 
Charlesworth, 1964, 1966a) indicating that novelty and surprise 
at they instigate and maintain 


are reinforcing in the sense th 
But the same weakness that 


Various forms of curiosity behavior. 
characterizes a postulated functional connection between sur- 
Prise reactions and memory, characterizes the relationship be- 
tween surprise and curiosity behaviors aimed at resolving the 
Problems posed by the unexpected event. Mismatches between 
ee ou expectancies may be either pema Reg 
ae us a identity min je Bae 985) 
: at infants frequently repeat oth familiar 

pie stimuli, and Friedlander’s (1967) recent finding that 
d en while preferring to listen to a strangers voice will sud- 
enly begin preferring their mother’s disguised voice once they 
on it in a “classic old-fashioned ‘aha’ experience,” hardly 
mplify the issue. More research on this problem is obviously 
necessary, 
and its relation to the surprise 
ane needs little comment—the OR shows a sr ges 
which f function of repeated presentations of the par: us 
studie irst elicited it. There are numerous Russian an mepe 
resem}; hig habituation where the operations dist sas = 
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diagnostic techniques it should become nr ci _ fn 
assess the extent to which a structure has evolved wit = —— 
ing situation. It can be speculated that a structure Let à = 
transformation during a training situation would probab A 
associated with the following temporal sequence of nr 
events: (1) a period of a large number of erroneous pre an ne 
descriptions, explanations, or other kinds of overt Lie he 
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physiological changes indicative of surprise or insight, (4) enor 
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en began to habituate; similar 1°- 
e latencies, Kintsch described En 
€ Markov model. In a second study: 
d with response states, but this ee 
he GSR “tended to increase in a 
its peak during intermediate tria A 
ng was completed.” White and a 
n learning task noted that when t? 


initial state, remained at 
and habituated after learni 
(1964) in a discriminatio 


SURPRISE AND COGNITIVE DEVELOPMENT 307 


child approaches criterion, there tends to be a significant in- 
crease in eye movements, as if he were checking a hypothesis to 
make sure it is correct. Could he possibly be responding to an 
unexpected insight into the problem’s answer? 

Studies such as these serve the important function of illustrat- 
ing how crucial it is for our understanding of learning to know 
what the neurophysiological correlates of ongoing learning pro- 
cesses are. Concern with such variables in Piaget training tasks 
would undoubtedly serve a very useful function in clarifying the 
nature of those processes involved in the evolution of cognitive 
Structures. Learning and development may in principle not be 
such different processes as we have for historical reasons been 
led to believe. 

Taking a broader perspective of the processes involved in 
Cognitive change allows some additional commentary on the role 
of surprise in such change. It can be speculated that under 
normal environmental conditions, cognitive structures are driven 
through a predictable ontogenetic sequence of development (if 
the environment is relatively constant). It is possible that driving 
and guiding this process is a relatively stable, general mechanism 
that operates at all age levels in essentially the same way. The 
Operations of this mechanism could be considered as functional 
invariants (in Piaget’s sense of the term) that have been pro- 
8rammed into the organism during phylogenesis and are respon- 
sible for the nonrandom changes in behavior that take place 

uring ontogenesis. A number of elements of varying empirical 
and conceptual status are involved in these operations. For 
Purposes of convenience, these elements can be considered 
simply as abilities. They include the ability to (1) obtain stimuli 
DY means of attentional and curiosity behaviors; (2) code stimuli 
into a storageable form and then store it as available informa- 
tion; (3) organize the information into structures such that these 
structures control and monitor future sensory inputs and motor 
Outputs; (4) retrieve the same information when a stimulus 
Situation calls for it; (5) encode the retrieved information into 
expectancies appropriate to the stimulus situation; (6) respond 
with surprise reactions (OR, facial, and postural) when such 
expectancies are not confirmed and to inhibit such reactions when 
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they are confirmed; (7) respond to the surprise reactions them- 
selves with appropriate attentional and curiosity behaviors; and 
(8) utilize the information obtained by the latter behavior to alter 
or transform the original schemas or structures. 

There is no space to discuss each of the abilities or the chain 
as a whole, however, surprise should be accounted for briefly. In 
this framework the surprise reactions themselves, especially the 
OR component, can be viewed as multifunctional, hyperstable 
properties of the organism that help to insure that the organism 
behaves in such a way as to produce new knowledge about 
problematic properties of the environment. This does not imply 
that such reactions will invariably be elicited by unexpected or 
misexpected events. There is some proof, as noted earlier (Kim- 
mel, 1967), that such reactions are conditionable. But it does 
imply that under normal environmental conditions surprise reac- 
tion and subsequent attentional and curiosity behaviors are very 
hard to suppress, and that for this reason they seem to be good 
candidates for the mechanisms that insure that most individuals 
make the progression from sensorimotor intelligence to formal 
thought. 

In conclusion, the surprise reaction can be viewed as consist- 
ing of a number of complex stimulus-producing responses that 
may serve to mediate, cue, arouse, instigate, “illuminate,” and 
reinforce a variety of other responses that ultimately contribute 
to changes in existing cognitive structures. While such magical 
properties obviously do not characterize only the surprise re- 
action—they have been examined in great length in other 
contexts—they are worth including in any model of cognitive 
development. If they are included they will ultimately require a 
close examination of the neuro-physiological mechanisms under- 
lying such development, and this will be healthy. 


Final remarks 


The gist of this essay is as follows. Surprise is such an ubiquitous 
phenomenon in the life of an individual, one cannot help but feel 
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that it may serve some adaptive purpose. Surprise entails expec- 
tancies and these in turn suggest that more permanent structures 
may underlie them. Hence, it is no great jump to argue that 
Surprise could somehow be implicated in cognitive development, 
especially since surprise is one of the determinants of attentional 
process upon which cognitive development depends. If there is 
some validity to chaining these factors together, we shall be able 
to detect it both by carefully examining neurophysiological 
processes involved in instances where we know cognitive change 
is taking place and by examining the suggestion that surprise 
reactions may well have mediating, cueing, and response- 
instigating and reinforcing functions. The neurophysiological 
processes that would show the greatest promise in such an 
undertaking comprise most of what we recognize today as the 
OR. Since surprise as defined here, presupposes expectancies and 
other cognitive processes of a higher level than are usually asso- 
ciated with either the OR, novelty, or startle, it can serve as a 
bridging construct between the OR and cognitive development. 
It is generally admitted that there has been a lack of a 
dynamogenic element in most of our existing theories of cogni- 
tive development. Bringing the OR into the picture, as the 
Russians have been doing for years in their studies of condition- 
ing processes, seems to be the most likely way to remedy this 
lack, Berlyne has made a similar plea many times before, and it 
1s still valid. 
The consequences of deciding upon this course of action for 
Our study of Piagetian structures will initially be methodological. 
esting and training situations will be carefully constructed to 
Maximize the possibility of creating expectancies and obtaining 
Overt measures of them, of carefully controlling stimulus condi- 
tions to insure that stimulus inputs will be in accord or discord 
With such expectancies, and carefully monitoring the child’s 
Subsequent expressive and autonomically-mediated reactions. 
e results of such efforts may shed light, for example, on 
Whether the same cognitive structure actually progresses 
through a series of very different phases—from a primitive re- 
ceptive or perceptual phase, to a motor enactive phase, and 
finally to a terminal verbal phase that crowns all the rest and 
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affords the individual maximal adaptiveness. Such findings may 
prove to have interesting implications for Piaget’s theory. 
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Developmental Psycholinguistics 


HERMINA SINCLAIR-DE-ZWART 


One of the questions a Genevan psycholinguist who works with 
Jean Piaget hears often is: how does language figure in Piaget's 
theory? Does his theory of cognitive development provide a 
framework for the acquisition of language? Does he have an 
epistemology of language? It is difficult to answer these ques- 
tions in a straightforward manner; the more so, since the few 
articles Piaget himself has written on language are almost 
uniquely concerned with the problem of language as a factor in 
development, and may seem to be written almost reluctantly 
(one of them starts off “. . . il aurait fallu me poser cette ques- 
tion à une epoque ou. . . .” 1963); his very early work, Le 
langage et la pensée chez l'enfant (1923) concerns far more 

a pensée” than “le langage.” On the other hand, it is quite 
Wrong to assert, as many authors do, that Piaget leaves language 
Completely outside his considerations, and that, in fact, his 
experiments may lose some of their meaning because of this 
refusal to consider language as a separate, important variable. 

To live with, or rather in, Piaget’s theories for a number of 


315 


316 RESEARCH PERSPECTIVES 


years may have curious effects on a psycholinguist: from an 
initial irritation at the rather off-hand manner in which language 
is dealt with in many of Piagets works and in much of his 
experimentation, one reaches the conviction that spread over a 
number of works, Piaget has in fact provided the bases for a 
general theory of both language-acquisition and of the role of 
language as a factor of development. However this may be, the 
following is an attempt to explain and elaborate Piaget’s views 
on language. These views will be presented in two contexts: 
language viewed as a factor in cognitive development, and as a 
possible theory of language-acquisition. 


Piaget's conception of the role of language in 
cognitive development 


In several articles Piaget has been most explicit on this relation- 
ship between language and intellectual operations. The two main 
points that recur in his writings on the subject are the following: 

1. The sources of intellectual operations are not to be found in 
language, but in the preverbal, sensorimotor period where a 
system of schemes is elaborated that prefigures certain aspects of 
the structures of classes and relations, and elementary forms of 
conservation and operative reversibility. In fact, the acquisition 
of the permanency of objects (elaborated between 6 and 18 
months) constitutes a first “invariant.” The search for an object 
which has disappeared is conducted in function of its successive 
localizations: these localizations depend on the constitution of an 
elementary groupe de déplacements, in which detours (associa- 
tivity ) and returns (reversibility) are coordinated. 

2. The formation of representational thought is contempora- 
neous with the acquisition of language; both belong to a more 
general process, that of the constitution of the symbolic function 
in general. This symbolic function has several aspects; different 
kinds of behaviours, all appearing at about the same time in 
development, indicate its beginnings. The first verbal utterances 
are intimately linked to, and contemporaneous with, symbolic 
play, deferred imitation, and mental images as interiorized 
imitations. 
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The first point is elaborated in many works by Piaget and his 
co-workers (Bärbel Inhelder in particular). Intellectual opera- 
tions are actions that have become interiorized and reversible, 
but they are still actions. The coordination and decentrations of 
sensorimotor activity are not limited to this first period of life, 
but are found, in a different form, at work in the constitution of 
operational intelligence as well. And, as Piaget frequently re- 
marks (1963, p. 72), they are also found in linguistic acts. This 
may account for a partial isomorphism between language and 
logic. It is important to bear in mind that already in the sensori- 
motor period object-permanency is a general acquisition. It 
would be a contradiction in terms to speak of one specific opera- 
tion, since an operation is always part of a structured whole, of a 
system of operations; but in the same way, object-permanency is 
not to be understood as the permanency of one or of some 
objects (a toy, the baby’s bottle) but of objects in general. 
Similarly, the groupe de déplacements does not mean that the 
baby can make one specific detour, or return to his starting point 
in one particular case: these first prefigurations of associativity 
and reversibility are, again, general. Thought has its roots in 
action; at the end of the sensorimotor period, and before the 
he symbolic function in general, 
1 perceptive and motor egocen- 
d coordinations. The con- 
es of decentrations; 
tive centration, but 


appearance of language or of t 
the baby has overcome his initia 
trism by a series of decentrations an 
struction of operations demands a new seri 
not only from the momentary, present percep 
also from the totality of the actions of the subject. 

As regards the second point, Piaget has devoted a whole work 
to La formation du symbole chez l'enfant (1946, English title 
Play, dreams, and imitation in childhood, 1951). This important 
work cannot be summarized in a few pages, but the main con- 
cepts bearing on the role of language in the development of 
thought may be expressed as follows. 

At the end of the sensorimotor period the first decentrations 
appear in the child’s dealings with his hic-et-nunc environment; 
action-schemata appear that permit the child to attain his prac- 
tical aims, which are limited to the immediate present and to the 
Manipulation of concrete objects within his reach. These spatio- 
temporal restrictions will slowly disappear with the development 
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of thought. Moreover, the activity of the baby is directed toward 
success in his manipulations (from the cognitive point of view) 
and toward personal satisfaction (from the affective point of 
view). Later on, his activity takes on another dimension: cogni- 
tively, immediate success will no longer be the sole aim, but he 
will search for explanations and will reflect on his own actions; 
affectively, he will seek not only satisfaction, but also communi- 
cation; he will want to tell other people about his discoveries, 
that now become knowledge of objects and events rather than 
reactions to objects and events. 

One might be tempted to regard language, in the sense of 
learning to speak one’s mother tongue through contact with the 
persons in one’s environment, as the sole or main instrument that 
causes this transformation. Piaget, however, shows clearly that 
language is only a symptom and not the source of this change. 
Retracing the development step by step through careful observa- 
tion of his own children, he demonstrates that language, despite 
the fact that later on it becomes most pervasive and takes on the 
guise of an autonomous capacity, is only part of the symbolic 
function. The symbolic function can be defined essentially as the 
capacity to represent reality through the intermediary of sig- 
nifiers that are distinct from what they signify. The important 
term in this definition is the word distinct. In fact, around six 
months of age the baby already is capable of treating a partial 
perceptive datum as an indication of the presence of the whole; 
even if only a bit of the object is visible, it indicates the presence 
of the object. But such signals are directly linked to the objects, 
or are part of the object, whereas distinct signifiers imply a 
differentiation between signifier and signified, introduced by the 
subject himself. Signals (like the tracks an animal leaves in the 
snow, or the smell of food, or visible bits of partially hidden 
objects) are temporally and spatially restricted; the most distinct 
signifiers (words, algebraic symbols, and such) are free from such 
restrictions. Using a slightly different terminology, the linguist 
Bally said that the signal is a signifier only for whoever interprets 
it; and that a sign (distinct signifier) is a “voluntary act,” and also 
meaningful for whoever uses it. 

The child who pushes a small shell along the edge of a box 
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saying “meow” knows full well that the shell is not a cat and the 
edge of the box is not a fence. And even if for the child the words 
“meow” or “cat” are at first somehow inherent in the animal, they 
are signifiers, and certainly not the animal itself. Piaget intro- 
duces a dichotomy in the distinct signifiers themselves: (1) 
symbols, which like the shell have a link of resemblance with the 
object or event, and (2) signs (words), which are arbitrary. 
Symbols, moreover, are usually personal; every child invents 
them in his play, whereas signs are social. Finally, we may add, 
symbols are mostly isolated, though within the context of sym- 
bolic play they may be loosely associated; signs on the other 
hand form systems. 

According to Piaget, this capacity to represent reality by dis- 
tinct signifiers has its roots in imitation, which starts very early in 
the sensorimotor period (around six months of age) and which 
already constitutes some sort of representation by action. At the 
end of the sensorimotor period imitation becomes possible in the 


absence of the model, and evolves from a direct sensorimotor 
First one sees action-schemes 


model to gesticulative evocation. 
as representations (for in- 


appear out of their proper context 
Stance, pretending to be asleep); then these representations 
become detached from the activity of the subject (for instance, 
putting a doll to sleep). Slowly these deferred imitations become 
Mteriorized, and constitute sketchy images, which the child can 
already use to anticipate future acts. Piaget gives several exam- 
ples of these action-imitations that announce interiorization: 
When L. tries to open a box of matches (which is not quite 
shut), she first manipulates it, but without result; then she stops 
acting, seems to reflect on the problem and opens and shuts her 
Mouth, several times in succession: she uses à motor-signifier to 
represent the problem and to find a way of solving it. After this 
Short period of “reflection” she pushes her finger into the small 
Opening and pulls to open the box completely. 

A wealth of such observations throws light on the development 
OF the symbolizing capacity, which has many different aspects 
that are at first inextricably linked in observable behavior. 
Small children pass extremely swiftly from what looks like pure 
IMitation to symbolic play and to acts of practical intelligence 
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accompanied by words (or onomatopoaeia), but at first these 
different aspects cannot even be distinguished. Language as seen 
by Piaget is thus part of a much larger complex of processes that 
go on during the second year of life; it has the same roots, and in 
the beginning the same function as symbolic play, deferred 
imitation, and mental images; it does not appear ex nihilo (nor 
simply from early, prelinguistic vocalizations) but partakes of 
the entire cognitive development in this crucial period. It is, of 
course, just as closely linked to affective development; but this 
aspect of the question has been frequently dea 
authors, and the aim of this paper is restricted t 
between language and intellectual operations. 
In summary, Piaget considers language not to be a sufficient 
condition for the constitution of intellectu 
has said so, explicitly, in several articles ( 
1965, 1966). As to the question of whe 
sense of the normal acquisition of natural language by the young 
child) is, if not a sufficient, all the same a necessary condition for 


It with by other 
o the relationship 


al operations, and he 


atural language, As regards 
aget considers language (again, in the 
not even a necessary condition for their constitu- 
tion, though he has not explicitly said so. However, he does state: 
. . the sensorimotor schemata seem to be of a fund 

tance from their very first beginnings; these schemes continue to de- 
velop and structure thought, even verbal thought, as action prog- 
resses, up till the constitution of logico-mathematical operations 
which are the authentic end-product of coordinated action-logic when 
the latter can be interiorized and combined into group subies 
(1965, p. 2254). 

Moreover, as regards concrete Operations, Pia 
ments with deaf-mute children, which clearl 
the fact that the symbolic functio 
the constitution of these operations 


amental impor- 


get quotes experi- 
y seem to point to 
n is an obvious necessity for 
, but that the normal acquisi- 
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tion of a natural language is not. A brief summary of experimen- 
tal data pertaining to the relationship between language and 
thought can be given and two different kinds of experiments can 
be distinguished. 

(1) The comparison of the reactions of normal children to 
Piaget-type tests with those of deaf-mute children on the one 
hand, and blind children on the other. The deaf-mutes have 
intact sensorimotor schemes, but have not acquired spoken lan- 
guage (or are only at the beginning of an “oral” education), 
whereas the blind are in the inverse situation. Studies of deaf 
children have been made by Oléron (1957) and Furth (1966) 
among others. Their results concur fundamentally, and indicate 
that deaf children acquire the elementary logical operations with 
only a slight retardation as compared to normal children. The_ 
same stages of development are found as the ones established by 
Piaget on a normal population. Both Oléron and Furth point out 
some differences in the reactions of their deaf subjects (particu- 
larly in the conservation of liquids). In the case of the conserva- 
tion of liquids, however, certain difficulties in the presentation of 
the tests may account for these differences (e.g. in the pouring 
of liquids, the distinction between the quantity of liquid and the 
volume of the container is difficult to convey). 

Furth notes an interesting difference in the comparative per- 
formance of deaf and hearing on “logical symbol discovery” 
versus “symbol use” tasks. While the deaf are inferior to the 
hearing on the former, they show equal ability on the use of 
logical symbols in a structured task. Furth points to several 
factors that could explain the results: among others, a different 
aPproach on the part of the deaf towards problems that call for 
™vention, which may be due to a general lack of social contact. 
Oléron finds that seriation-tests are only very slightly retarded; 

mal, and that classifications possess 
the same general structures and appear at the same age as with 
Normals, but seem slightly less mobile or flexible (when classifi- 
Catory criteria have to be changed). Here again, the cause may 
be more due to a general lack of social exchange and stimulation 


than to Operational retardation. m 
hese results with deaf children are all the more striking when 


that Spatial operations are nor 
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it is considered that the same tests are only solved by blind chil- 
dren, on the average, four years later than by normal. The sen- 
sorial deficit of the blind has retarded the constitution of 
sensorimotor schemes and inhibited their coordination. The 
verbal acquisitions cannot compensate for this retardation, and 
action-learning is necessary before blind children reach an oper- 
ational level comparable to that of the normal and the deaf 
(Hatwell, 1960). 

(2) A second group of experiments, directly bearing on the 
relationship between language and intellectual operations has 
been carried out in Geneva by Inhelder in collaboration with the 
author. These experiments have been described in detail else- 
where (Sinclair-de-Zwart, 1967), and in this paper we shall do 
no more than briefly indicate their technique and summarize the 
results, Our aims were twofold: (a) to see whether the profound 


modification that occurs in the child’s thinking with the constitu- 
tion of the first concrete o 


development: (b) 
determine whethe 


g and using 
rms and com- 
domain by first as 
do not touch upo 


Or we ask him to tell us 
- a short thick one and a 
the child’s use of certain 
s comprehension, by asking him to 
in “adult” but simple terms (e.g. “give 


he boy than to the girl”; “find a pencil that is 
than this one”). 


the difference between two pencils, e.g 
long thin one). After this exploration of 
expressions, we studied hi 
execute orders couched 
more plasticine to t 
shorter but thicker 

After dividing our subjects into three groups according to their 
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results on the Piagetian conservation task (total absence of 
conservation, intermediary stage, and conservation present), we 
compared their answers in the verbal task. The results can be 
summarized as follows: 

(a) no difference was found among the three groups in the 
comprehension tasks; in fact, almost all subjects executed all 
orders correctly; only a very few young children (four years old) 
had some difficulties in questions of the type: “F ind a pencil that 
is longer but thinner.” 

(b) striking differences were found between the two extreme 
groups (no conservation at all and conservation acquired) as 
regards the description tasks: 

Of the children with conservation, 70 percent used compara- 
tives (without adjectives) for the description of different quan- 
tities of plasticine, and 100 percent did so for the description of 
different numbers of marbles: le garçon a plus que la fille (the 
boy has more than the girl). 

Of children without conservation, go percent used absolute 
terms (in contrast to comparatives ) : le garçon a beaucoup, la 
fille a peu (the boy has a lot, the girl has a little). 

An interesting point was that 20 percent already used compar- 
atives for discrete units (marbles) whereas they did not do so 
for continuous quantities (plasticine); and the conservation of 
discrete units is acquired before that of continuous quantities. 

Of the children with conservation, 100 percent used different 
terms for different dimensions, using two couples of opposites 
(e.g. grand petit, gros/mince, big/little, fat/thin). 

_ Of children without conservation, 75 percent used undifferen- 
tiated terms for the two dimensions, i.e. they would use at least 
one word to indicate two dimensions: €.8. 8708 (fat) for long 
and for thick, or petit (small) for short and for thin. 

_ Of children with conservation, 80 percent described two ob- 
Jects differing in two dimensions in two sentences, coordinating 
i € two dimensions: ce crayon est (plus) long mais (plus) 
mince, l'autre est court mais gros [this pencil is long(er) but 
thin(ner), the other is short but thick]. 

Of children without conservation, go percent either described 
Only the one dimension, or used four separate sentences, dealing 
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first with length, and then with thickness: ce crayon est long, 
l'autre est court, ce crayon (the first one again) est mince, l'autre 
est gros. (Percentages are approximate; slight variations De 
curred in different groups of items and with different materials, 
not described here. ) 

In a second series of experiments we tried to teach children 
without conservation the expressions used by children with 
conservation: comparative terms, differentiated terms and coor- 
dinated description of a difference in two dimensions. After this 
verbal training we agaia tested their operational level in the 
conservation task. The res 
follows: 

It was easy (in the sense that 
tions were necessary) to teach th 
the use of differentiated terms; it 
quarter of the subjects did not su 
comparatives plus and moins in 
difficult to teach them the coord 
mince, court et (mais) gros. 


Even for children who succeeded in learning to use these ex- 
pressions, operational progress was 


rare (10 percent of our sub- 

jects acquired conservation J: 
On the other hand, more than h 
clear operational progress 


ults of these experiments were as 
only a small number of repeti- 


e children without conservation 


our situations; it was still more 
inated structure long et (mais) 


ompensa- 


made between lex 
ctical Structures, 
onal level than 


ical acquisition 
the latter being 
the former. The 
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operational progress. The other lexical items (e.g. long, short, 
thin, thick, high, low) are far less closely linked to operativity. 

(b) Operational structuring and linguistic structuring or 
rather linguistic restructuring thus parallel each other. The lexical 
items are already being used or at least easily learned at a pre- 
operational level; the coordinated structures and operator-like 
words are correctly “understood” in simple situations; but the 
latter are only precisely and regularly used with the advent of 
the first operational structures. Moreover, the difficulties encoun- 
tered by the child in the use of these expressions seem to be the 
same as those he encounters in the development of the opera- 
tions themselves: lack of decentration and incapacity to co- 
ordinate. 

(c) Verbal training leads subjects without conservation to 

irect their attention to pertinent aspects of the problem (co- 
variance of the dimensions), but it does not ipso facto bring 
about the acquisition of operations. 

An additional experiment may be briefly mentioned: in inter- 
rogating a group of severely retarded children (age 8 to 15, IQ. 
50 or below) we found that when we used the description pat- 
terns of children with conservation for simple orders (donne plus 
à la poupee-fille, moins au garçon), the retarded children were 
incapable of reacting consistently; but if we used the descriptive 
terms of our normal nonconservational group (e.g. donne beau- 
Coup à la fille, et peu au garçon) their reactions were both 
Correct and consistent. This result illustrated the psychological 

reality” of the different descriptive patterns used by normal 
Children, 

À second group of experiments de 

Verbal aspects, and yielded comparable results. 

hese Genevan results, together with the results of the re- 
Search on deaf and blind children mentioned earlier, confirm 
Piaget’s view on the role of language in the constitution of intel- 
lectual Operations: language is not the source of logic, but is on 


the contrary structured by logic. 


alt with seriation and its 
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A possible theory of language acquisition within 
the general framework of Piagets 
developmental theory 


No theory of language acquisition has been explicitly proposed 
by Piaget. We can, however, speculate on the general form that 
such a theory might take. The problem is complex for several 
reasons. | 

In the first place, language, in Piaget’s terms (1966, p. 69) is 
“a ready-made system that is elaborated by society and that con- 
tains, for persons that learn it before they contribute to its 
enrichment, a wealth of cognitive instruments (relations, classifi- 
cations, and so on) at the service of thought.” The knowing 
person expresses his “knowledge” in this code. As such, language 
takes the place of symbolization in the relationship knower- 
symbolization-known. But this code is itself an object of know- 
ing; as such it takes the place of the “known” in the knower- 
known relationship. Piaget stresses mainly the first aspect; most 
psycholinguists pay attention only to the second. 

A second difficulty lies in the fact that language, though it is a 
system of signs (in terms of the distinction between signals on 


the one hand and symbols and signs on the other) that can be 
used for rational i 


used as symbols, iterature. 


Consequently, a theory of the acquisition of language would 
have to be based on a theory of the developmental changes in 
the knower-symbolization-known relationship: in other words, on 
genetic epistemology. On the other hand, it would also have to 
be based on a theory of the formal Properties of language, in 
other words, on linguistic theory. To understand how something is 
acquired, we first have to know what is acquired. 

Modern linguistics 


(since de Saussure ) 
with the establishment 


has been concerned 
of systems of elemen 
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making inventories of elements (segmentation, substitution, 
association, classification, and so on). For this reason, Chomsky 
(1964) calls this type of theory taxonomic linguistics. 

Taxonomic linguistics was combined with associationist learn- 
ing theory to produce theories of language-acquisition that left 
honest observers of young children mystified and that failed 
completely to account for the fundamental fact of language: the 
ability to produce and to understand an indefinite number of 
sentences that have not been previously heard. The comparative 
ease and rapidity with which young children learn their mother- 
tongue remained completely mysterious as long as both the 
learning organism and the verbal behavior to be learned were 
thought to be as amorphous in structure as associationist theory 
supposed them to be. Thanks to Chomsky’s nontaxonomic theory of 
language, which aims at a system of rules rather than at a system 
of elements, our insight into the structural properties of natural 
languages has so far deepened that it becomes possible to begin 
to envisage a theory of language acquisition which would be in 
accordance with the linguistic facts, with the known facts about 
children’s verbal behavior and with the theory of cognitive 
development in general. Chomsky’s theories are most often re- 
ferred to as “transformational linguistics” or “generative gram- 
mar,” highlighting two important aspects of his conception of 
anguage. 

While no attempt is made to summarize Chomsky’s far- 
teaching theory, it seems necessary to underline certain points 
that have often led to confusion. 

A generative grammar is an explicit description of the inter- 
nalized rules of a language as they must have been mastered by 
an idealized speaker-hearer. It is adequate insofar as it corre- 
Sponds to the intuition of the native speaker. However, it is not a 
model of performance; first, the speaker-hearer may not be 
aware of (or even capable of becoming aware of) the gram- 
matical rules; and secondly, and more profoundly, the grammar 
assigns a structural description to a sentence, but the derivation 
Of this sentence as made explicit by the grammar does not tell us 
OW a speaker actually (and psychologically) proceeds to pro- 
uce the utterance. 


d 
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A generative grammar is said to be descriptively adequate if it 
meets the criterion of corresponding to the competence of the 
native speaker. It is said to attain explanatory adequacy if it is 
linked to a theory of language that deals with the form of human 
language as such (and not only of the particular language). In 
this case it contains an account of linguistic universals. It is the 
universal grammar that deals with the creative aspect of lan- 
guage. General linguistic theory would ultimately provide a 
theory of the fundamental form of possible human languages 
and of the strategies necessary for selecting a particular gram- 
mar. In this sense, general linguistics belongs to epistemology; in 
this sense, also, it would give an explanatory model of language 
acquisition. 
a system of rules that have 
nological and semantic. The 


es) have played an important 
ation, though often in a con- 
ase are a very special class of those 
function theory, and may be mostly 
art of particular grammars. In addition 


role in psycholinguistic experiment: 
fused way. The rules of the b 


tive grammars for Particular languages, c 
simply reject his, be it tent. 
His model is still in the 


annot at the same time 
ative, model of language acquisition. 
nature of a hypothesis: and though many 
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of his fundamental discoveries about language seem to stem from 
the fact that he considers the problem from the viewpoint of a 
language acquisition device, not all assumed properties of the 
device would appear to be necessary to the theory as a whole. 
The following is a brief discussion of Chomsky’s (and his fol- 
lowers’) hypotheses about the device and of the points on which 
a Piagetian psychologist would raise objections. 

Katz (1966; following Chomsky, 1957, 1965) who uses the model 
of a language acquisition device that has as its output the inter- 
nalized linguistic rules and as its input speech (and, he adds, 
other relevant data from senses), shows conclusively that such 
an input is far too impoverished to produce the rules if the de- 
vice were to be constructed according to empiricist, association- 
ist hypotheses. Up to this point, a Piagetian psychologist cannot 
but agree. Subsequently, however, Katz develops the rationalist 
hypothesis that “the language acquisition device contains as 
innate structure each of the principles stated within the theory 
of language.” Once again, we encounter the epistemological 
dilemma of structuralism without development or geneticism 
Without structure. But is the choice really restricted to these two 
extremes? And is it necessary, in order to enrich the internal 
Structure of the learning organism, to postulate innate linguistic 
structures? 

Chomsky’s own treatment of the rationalist hypothesis seems 
at the same time more cautious, more supple and more far- 
ene than that given by Katz. Chomsky poses the problem as 
ollows: 


_ À theory of linguistic structure that aims for explanatory adequacy 
corporates an account of linguistic universals, and it attributes tacit 

nowledge of these universals to the child. It proposes, then, that the 
child approaches the data with the presumption that they are drawn 
from a language of a certain well-defined type, his problem being to 
determine which of the (humanly) possible languages is that of the 
Community in which he is placed. Language learning would be impos- 
Sible unless this were the case. The important question is: What are 
the initial assumptions concerning the nature of the language that the 
child brings to language learning, and how detailed and specific is the 
Mnate schema (the general definition of “grammar”) that gradually 


RESEARCH PERSPECTIVES 
330 


becomes more explicit and differentiated as the child learns the rs 
guage? For the present we cannot come at all close to making a r 
pothesis about innate schemata that is rich, detailed and specific 
enough to account for the fact of language acquisition (1965, p. 27). 


And 


A consideration of the character of the grammar that is acquired, 
the degenerate quality and narrowly limited extent of the available 
data, the striking uniformity of the resulting grammars, and their 
independence of intelligence, motivation and emotional state, over 
wide ranges of variation, leave little hope that much of the structure 
of language can be learned by an organism initially uninformed as to 
its general character . . . . The real problem is that of developing a 
hypothesis about initial structure that is sufficiently rich to account for 


acquisition of language, yet not so rich as to be inconsistent with the 
known diversity of language (1965, p. 58). 


From the point of view of develo 
criticisms can be made: 


1. This view of language acquisition fails to take into account 
the knower-symbolization-known relationship indicated above; it 


only considers language as the object of knowledge in the 
knower-known relationship. 


2. It assumes tacitl 
understand language and to talk, h 


pmental psychology, three 


the preverbal sensorimotor period. 
In other words, there would be 


Much of the need for postulating specific 


» innate linguistic 
structures seems to vanish if one considers la 


nguage acquisition 
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within the total cognitive development and, in particular, within 
the frame of the symbolic function. This manner of considering 
language acquisition would moreover be compatible with two 
facts that seem to be difficult to explain within the theory of 
innate structures: (1) the time lag between the first manifesta- 
tions of practical intelligence during the sensorimotor period and 
the first verbal productions; (2) the particular character of these 
first verbal productions. 
Concomitant with the development of the symbolic function, 
the child changes from an organism that reacts to objects and 
events as signals to a being that “knows” objects and events and 
expresses this “knowledge” by means of signifiers. His knowing, 
however, is always “acting upon,” and the first use of signifiers is 
only possible in function of the internal richness of coordinated 
action-schemes. His first verbal productions recognizable as 
“words” are far from being signs in the sense of belonging to a 
fully structured system. They resemble far more symbols, which 
Can be loosely associated but are essentially isolated representa- 
tions of schemes. They share the characteristic of symbols in that 
they are inextricably entwined in the complex of objects, actions 
the subject can perform on objects, and symbolic representation 
of the objects. In Piaget’s terms (1946, P. 235), the first words 
retain the imitative character of the symbol, either as onomato- 
Poaeia (imitation of the object) or as imitation of words used in 
adult language, but extracted from this language and imitated in 
isolation, Especially, they retain the disconcerting mobility of 
Symbols, in contrast to the fixity of signs.” And (1946, p. 236) 
The first language consists almost solely in orders and expression 
Of desire. Denomination is not the simple attribution of a name, 
ut the expression of a possible action.” Examples abound in all 
recordings of child language; to quote two of Piaget’s examples: 
(1946, p. 231) J. around 1;6 knows better and better how to 
take advantage of adults to get what she wants; her grandfather 
aS» especially docile in this respect. The term panana (“grand- 
Pere”) is used not only to indicate her grandfather, but also to 
Express, even in his absence, her desires; she points to what she 
Wishes to have and adds panana. She even says panana to express 
Wish to be amused when she is bored. 
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(1946, p. 232) T. at 1;5 uses the term a plus (“il ny en a 
plus,” or something similar, but, of course, a plus should not be 
taken to represent two separate words) to indicate a departure, 
then to indicate the throwing of an object onto the floor, then it 
is applied to an object that falls over (without disappearing) for 
instance when he is playing with building blocks. A little later a 
plus means “remoteness” (anything out of reach), and the game 
of handing over an object for somebody to throw it back to him. 
Finally, at 1;7 a plus takes on the meaning of “to start over 
again.” 

The transition from what Piaget calls jugements d'action to 
jugements de constatation takes place soon after: 
no longer simply translate sensorimotor action, 
actions and events (though usually in the immediate past). At 
this point begins the slow transition from symbols to real signs, 
which furnish a re-representation; and at this point the first 
concatenations of words begin to appear. 

Both these facts, the relatively late start of the first verbal 
productions, and their particular character, seem difficult to 
reconcile with the theory of innate linguistic structures. The 
time-lag might conceivably be explained by an allusion to im- 
printing and critical periods: Katz (1966, p. 276), speaking 
about the fact that the effortless way in which children appear to 


acquire a language terminates at about puberty, says, “thus this 
ability of the child’s is much like 


the abilities of various animals 
described as imprinting with respect to the existence of a ‘criti- 
cal’ period.” The pe 


culiar character of the first productions, 
coupled with the fact that these do not yet show real concatena- 


tions of words, might lead a staunch adherent of the theory of 
innate structures to refuse these verbal schemes the status of 
linguistic productions, This seems, however, completely unjusti- 
fied psychologically; whatever their nature, they most certainly 
prepare the way for further verbal acquisition, and moreover 
they already have some of the traits of signs: they show a certain 
detachment from the subject’s own actions and a desire to 


communicate by way of sound-complexes which the other person 
also uses. 


“words” then 
but describe past 


It seems more in accordance with the facts, though less sim- 
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ple, to suppose that the coordination of sensorimotor schemes, 
which are actively built up during the first 18 months of life, 
starting from hereditary reflexes, is a necessary condition for lan- 
guage acquisition to become possible, which, like all manifesta- 
tions of the symbolic function, takes place within a context of 
imitation, It is true that Chomsky remarks (1965, p. 33), “It 
would not be at all surprising to find that normal language learn- 
ing requires use of language in real-life situations, in some way.” 
However, according to him, this would not affect the manner in 
which the acquisition of syntax proceeds. In our view, however, 
the way in which sensorimotor schemes, coordinated into practi- 
cal groups, become transformed into operations would determine 
the manner in which the linguistic structures are acquired. 
Though it is not possible to make hypotheses about this mecha- 
nism detailed enough to account for language acquisition, this 
approach to the problem seems nearer to the psychological truth. 
The Genevan research on the parallelism of language-acquisi- 
tion and operational development of which a few examples have 


ates that this hypothesis is at least not in 


been given, indica Me 
Contradiction with the admittedly very few and limited results 


obtained so far. 

One other experiment, which is still far from being completed, 
also gives some results that seem to run counter to the innate- 
Structure hypothesis. Briefly, the technique is as follows. We give 
the child a collection of toys, dolls, cars, animals, sponges, sticks, 
Cups, and so on, and we ask him “to act” with these objects a 
Sentence we pronounce, after an introductory period during 
Which the child gives names to the dolls, tells us something 
about the toys, and such. The sentences used are simple active 
and Passive afhimnative ones. We use different kinds of verbs, and 
reversible” as well as “irreversible” sentences (reversible: “Peter 
Washes John” or “the red marble pushes the blue marble”; irre- 
Versible: “Peter washes his car”). Inversely, we perform an act 
With some of the toys and we ask the children to tell us what 
"ppened, We also try to elicit passive sentences by asking the 
child to start his sentence with the noun indicating the object of 
the action performed (We let Peter wash his car and we ask 

Ow tell us what happened; but I would like you to start this 
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way: the car . . .”). Finally we perform the action and at the 
same time we pronounce the Passive sentence; then we ask 
whether what we said was correct, and we ask the child to re- 
peat it. 

To mention only one of the types of behavior that appear in 
this experiment, and which we are still far from being able to 
interpret conclusively, at about four and a half years old several 
subjects decode a passive sentence into a reciprocal act: “Peter is 
washed by Mary” is acted so that Peter and Mary both take a 
sponge and wash each other; “the red marble is pushed by the 
blue marble” is acted by taking a marble in each hand and 
making them hit each other, whereas the corresponding active 
sentence is acted by taking the blue marble in one hand, leaving 
the red marble on the table and hitting the latter with the blue 
ty to elicit passive sentences, the 
es in this way: “Pierre et Marie se 
bille bleu roulent ensemble.” We 
ded according to active word- 


of the acquisiti f cor- 
rect grammar is considered, He adds: “, rom 


true that a series of Successively more detai 


tresponding to maturati 
haps in part themselves determined in fo 
language acquisition) 
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“maturational stages” it is difficult to interpret remarks such as 
these. 

It is clear that we are in great need of experimental results. As 
far as experiments go, approaches starting from either Piaget's or 
Chomsky’s theories would have several points in common. They 
would share the emphasis put on the creative aspect of language. 
They would share also the wish to make a clear distinction 
between performance and competence. Where Chomsky (1964, 
P. 39) only seems to stress the fact that performance is bound to 
appear far poorer than an investigation (if this were possible) of 
real competence would show the latter to be, the Piagetian 
Psycholinguist would add that there is also the opposite danger, 
namely, that performance can easily induce an overrating of 
competence. He would assume that the verbal productions of the 
child may contain prestructures and pseudostructures, just as 
there are preconcepts and pseudoconservations; the prestruc- 
tures would be isolated instances of certain syntactic structures, 
Strongly content-bound and context-bound; pseudostructures 
would be strongly imitation-bound. The prestructures are both 
important and understandable within a developmental, interac- 
tionist theory; they would be hard to explain within the rational- 
ist theory, The main difference between the two approaches 
Corresponds to the fundamental epistemological difference that 

as been stressed all along in this paper: the Piagetian psycho- 
inguist would always try to study language as part of the sym- 
olic function, within the frame of the total cognitive activity of 
child rather than as an autonomous “object of knowing.” 


References 


Chomsky, N. Syntactic structures. The Hague: Mouton, 1957- 

Chomsky, N. Current issues in linguistic theory. The Hague: Mouton, 1964. 

Chomsky, N. Aspects of the theory of syntax. Cambridge, Mass.: M.IT. 

Press, 1965. 

Furth, H. G. Thinking without language: the psychological implications of 

a afness. New York: Free Press, 1966. n | 
atwell, Yvette. Privation sensorielle et intelligence. Paris: Presses Univer. 
Tance, 1960. 

Katz, J, J. The philosophy of language. New York: Harper and Row, 1966. 


336 RESEARCH PERSPECTIVES 


Oléron, P. Recherches sur le développement mental des sourds-muets. Paris: 
Centre National de Recherche Scientifique, 1957. 


Piaget, J. Le langage et la pensée chez P. enfant. Neuchâtel et Paris: Dela- 
chaux et Niestlé, 1923. 


Piaget, J. La formation du symbole chez l'enfant. Neuchâtel et Paris: Dela- 
chaux et Niestlé, 1946. (Translated as Play, dreams and imitation in child- 
hood, New York: Norton, 1951.) 

Piaget, J. Le langage et la 
(Ed.), Thinking and spea 
Publishing Co., 1954. 


Piaget, J. The language and thought of the child. In T. Shipley (Ed.), 
Classics in psychology. New York: Philos. Lib., 1961. 

Piaget, J. Comments on Vygotsky's critical remarks, Cambridge, Mass.: 
M.LT. Press, 1962. 

Piaget, J. Langage et opérations intellectuelles. In Problèmes de psycho- 
linguistique. Symposium de l'association de psychologie scientifique de 
langue française, Neuchâtel, 1962. Paris, Presses Univer. France, 1963. 
Piaget, J. Langage et pensée. Tome XV. La revue du praticien, 1965, 17, 
2253-2254. 


Piaget, J., & Inhelder, Bärbel. La psi 
Paris: Presses Univer. France (“Qu 


Sinclair-de-Zwart, Hermina. Ac 
Pensée. Paris: Dunod, 1967. 


pensée du point de vue génétique. In G. Revesz 
king, a symposium. Amsterdam: North Holland 


ychologie de l'enfant. 
e sais-je?” series), 1966. 


quisition du language et développement de la 


Memory and Intelligence in the Child 


BARBEL INHELDER 


Introduction 


Since the days of Ebbinghaus, a long tradition of research has 
Peen devoted to the laws of memory. Against this background 
Sur manner of approaching the study of memory may appear 
Somewhat unusual. However, in some respects our work harks 
ack to Bartlett, about whose theories we shall have more to say 
later on, 

In contrast to the strict behavioristic tradition, we were 
Mainly interested in the internal mechanisms of transformations 
etween stimulus and response. We did not follow the expen 
Mental tradition of varying the spatio-temporal and meaning 
Constellations of the stimuli to discover new laws or the optimal 
Conditions for memory performance. Instead, we attempted to 
State hypotheses concerning the transformations within the “black 


This Paper is a preliminary sketch of several years of research conducted in 
eneva, the results of which were recently published in Mémoire et intelligence, J. 
‘aget & B, Inhelder, in collaboration with H. Sinclair, Paris: ea — 
Tay > a a ; A inelar 5 

fi nce, 1968. I would like to thank Hans Furth and Morris Sinclair for their 
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box” and focused our attention upon unobservable events. How- 
ever, we hope we avoided falling into subjective mentalism, for 
indeed unobservable transformations can be objectively studied 
as a function of factors that depend on general development. 
Perhaps, after the manner of G. Miller, we should label ourselves 
“subjective behaviorists.” Our previous studies on the genesis of 
the operations of thought have demonstrated that it is possible 
to study the results of thinking activities in an objective fashion. 
From the progressive and coherent modifications of these activi- 
ties as a function of age, laws of internal transformations can be 
inferred. 

These internal mechanisms seem closely linked to what one 
usually calls the processes of encoding and decoding. We were 
particularly interested in the code as such. If the structure of the 
code remains the same, one would expect memory to stay intact 
or to deteriorate in proportion to its complexity and especially to 
the passage of time. Such assumptions seem to be implied by 
those who hold that memory in general, and memory images in 
particular, are copies of reality. If on the contrary the structure 
of the code changes in the course of, and perhaps as a function 
of, the evolution of thinking operations, some initial hypotheses 
about the functioning of the internal mechanism of transforma- 
tion become possible. 

If we are right in supposing that the structure of the 
mnemonic code varies with the passage of time, it remains to be 
seen whether this modification is dependent on specific mnemonic 
laws or rather on the developmental changes in the cognitive 
structures. The laws of development proper to the cognitive 
structures were known to us from previous research. This ap- 
proach to the problem naturally influenced the choice of experi- 
mental situations. 

We presented children between the ages of three and twelve 
years with a great variety of configurations that they were asked to 
memorize. Most of the configurations were the (static) end re- 
sult of operational | transformations (classifications, seriations, 
numerical and metric correspondence, and so on). There were 
also spatial configurations, the product of spatial operational 
activity. Finally, some configurations were presented that em- 
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bodied the outcome of physical process: understanding the 
causal sequence of these processes follows readily analyzable 
developmental lines. A number of situations involved random 
elements. Our purpose was to observe qualitative differences of 
behavior according to age levels and to throw some light onto 
the process of memory organization. 

Even if, in these processes of mnemonic organization, we dis- 
covered many regularities dependent on the development of 
operativity, we had no intention of equating memory with intel- 
ligence as a whole. In a broad sense, memory is the apprehension 
of that which has been experienced or acquired in the past and 
implies the conservation of schemes of intelligence as well as 
conservation of biological mechanisms. But we proposed to study 
memory in the strict sense and this memory is limited to types of 
behavior such as recognition, reconstruction, and particularly 
evocation of particular events located in the past. It is clear that 
Mnemonic evocation, which is our particular concern, is possible 
only by means of memory images or of recall based on figurative 
or semiotic mechanisms. It should be noted that the memory 
image in the mnemonic evocation is distinct from the reproduc- 
tive or anticipatory image in general. The former is accompanied 
by a localization in the past that manifests itself through an 
Impression of something that has already been experienced or 
Perceived, and not of something that is merely known. 

In this connection it is useful to recall the distinction intro- 
duced by Piaget between the operative and figurative aspects of 
Cognitive functions. Operative aspects (actions or operations) 

ear on transformations of reality, and consequently, action 
schemes depend on the operative aspects. Figurative aspects on 
the other hand (perception, imitation, image) are limited to the 
representation of states without reference to the transformations 
that result in those states. This distinction will be frequently 
used as we describe some of the surprising results of our experi- 
ments, If one presents the child with such simple configurations 
as, for instance, a series of lengths to be memorized, the memory 
Performance seems to be determined not merely by the figura- 
tive Presentation but equally by the operative schemes that 
influence the way in which the child understands the configura- 
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tion. The distinction between operative and figurative is essential 
for understanding the distinction between a scheme and a 
schema. À scheme indicates the general structure of actions and 
operations (e.g. the scheme that permits one to arrange elements 
in an ordered series). A schema, by contrast, is merely a simpli- 
fied imagined representation of the result of a specific action: 
this term can therefore be applied suitably in the figurative field. 
A model can unite the two: it is a schema insofar as it is a 
simplified representation, but it is a scheme as a means of 
generalization. 

Our general problem is that of the relations between memory 
and schemes of intelligence, thus between memory in the strict 
sense and in the broad sense since memory in the broad sense 
includes schemes. More specifically, is the conservation of mem- 
ory images possible without the functioning and the support of 


schemes? Some examples of our memory experiments may clarify 
this question. 


Memory of a serial configuration 


This particularly simple experiment will exemplify our prelimi- 
nary working hypotheses and the general procedure of most of 
our studies. 

Children of three to eight years of age were shown a configu- 
ration consisting of ten sticks of 9 to 15 cm. in length. The sticks 
were arranged in a series from the smallest to the longest. The 
children were told merely to look carefully at the sticks in free 
vision to remember them later. There was no particular time 
limit. After a week they were asked first to indicate by gesture 
what they remembered and then to make a drawing. On this and 
the following occasion there Was no new presentation of the 
model. Six to eight months later the children were asked to draw 
again from memory what they had seen previously, A special 
group was also asked to describe the series verbally. 

A series of coordinated experiments with comparable groups 
of subjects allowed us to draw conclusions with regard to the 
level of memory organization and the level of operational and 
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linguistic development. In a modification of the experiment, to 
be described later, we arranged the sticks in the form of the 
letter “M” and compared mnemonic evocation with recognition. 

After the children finished their memory drawings, they were 
given sticks and asked to make the seriation themselves so that 
their level of operativity could be determined. On the basis of 
their performance and the criteria established previously (In- 
helder & Piaget, 1964), the children were assigned to one of the 
four groups in Table 1. At the third stage the child uses an 
empirical trial-and-error method, whereas at the fourth he is 
clearly operational. 


Table 1 Seriation 


Distribution of subjects (in percentages) by 
memory types and operational stages 


OPERATIONAL STAGES MEMORY TYPES 


1  2(ad) 3 
Preoperational 83 17 0 
Transitional 0 65 35 
Empirical seriation 0 27 73 
0 0 100 


Operational seriation 


ce, while there was no clear- 
drawings could be divided 
anization (Fig. 1). (1) 
f age, drew a number 
as more or less 


eon regard to memory performan 
os Separation without overlap, the 

asOnably into a sequence of types of org 
of € youngest subjects, three to four years o 
°F Sticks lined up, but the length of the sticks w 
equal. (2) The drawings of children in the next age group, four 
o five years, showed one or other of the following features: (a) 
eae were paired, a large one with a small one; (b) All the 
Stick, were divided into two classes, one big, one small; (c) 
aad S were arranged in threes or fours, in groups of small-, big-, 
nd middle-sized sticks; and (d) Starting with five years of age, 

e children generally succeeded in drawing a correct seriation 
Ai which comprised only a few elements. (3) Starting with six 
i years, correct serial configurations were frequently 
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Figure 1 Three types of memory reproduction of a size graded seriation. 


These types of drawings correspond closely to what the chil- 
dren did when they were asked to make a series with the sticks. 
The drawings are also similar to what children drew when they 
had not seen a series beforehand and were asked to imagine 
what a number of sticks would look like when put into order. 

The drawings relate also to the manner in which children 
describe the seriation verbally (Sinclair, 1967). In fact, the verbal 
descriptions also fall into four distinct patterns: (1) Only two de- 
scriptive terms are used, the adjectives long and short (or equiva- 
lent words). The children say either: “This one is short, this one is 
short, this one too, this one too, this one is long, this one is long,” 
dividing the sticks into two groups, short sticks and long sticks. 
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Or they say: “This one is short, this one is long, this one is short, 
this one is long,” describing successive pairs of sticks. 

(2) Three or more terms are used, and sometimes a different 
label is attached to each of the sticks: “Tiny, very short, a bit 
short, middling long, long, very long.” 

(3) Only two terms are used, but with the addition of one 
comparative: “short, longer, longer, longer.” The characteristic of 
this pattern is that when the child is asked to immediately give a 
second description, starting at the other end of the series, he is 
incapable of describing the sticks he has just called longer as 
shorter; and he falls back into pattern 2. 

(4) The description of the series from the shortest to the long- 
est is the same as in pattern 3, but now the child can also reverse 
his pattern and use a second comparative: “short, longer,” “long, 
shorter.” Tt seems that memory images are linked to operational 
Schemes and that schemes control the images and dominate the 
model perceived. Table 1 summarizes the distribution of subjects 

Y memory types and operational stages. 

A second result is even more striking. After an interval of six 
to eight months, most of the children (74 percent of the group as 
a whole and go percent of children between five and eight years ) 
made drawings that showed progress relative to the first draw- 
ng. This progress was always gradual; that is to say, subjects 
Progressed from one substage to the next. 


How can these results be interprete i 
memory image is not a simple residue of the perception of the 


model, but rather a symbol that corresponds to the schemes of 
the child, What seems to happen is that the child interprets the 
Seriation as a possible result of his own actions. During the 
interval between the first and the second evocation, the schemes 
themselves evolve because of their own inherent functioning 


‘tough the spontaneous experiences and actions of the child. 
ccording to our hypothesis, the action schemes—in this particu- 


ar Case, the schemes of seriation—constitute the code for memo- 
rizing: this code is modified during the interval and the modified 
Version is used as a new code for the next evocation. At each 
stage, the memory image is symbolized according to the con- 


strai 
ants of the corresponding code. 


d? It is clear that the 
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The first results of this experiment seemed too good to be true. 
We therefore attempted to check our hypothesis about the trans- 
formations of the code by means of a more complex configura- 
tional situation. 

Here we used a double seriation in the shape of the letter “M” 
of sticks placed vertically in symmetrical order (Fig. 2). The 
children were to draw the configuration from memory after one 
week and again after two and one-half months. Once more, the 
results were found to be in good agreement with the operational 
activity of the subjects and there was progress in the type of 
mnemonic representation in gradual fashion, from one substage 
to the next (Fig. 3 a, b, c). When the children were presented 
with a set of drawings corresponding to the various substages 
(and the correct model), recognition was better than evoca- 
tion, but was still far from perfect, especially among the 
younger children. Here also there apparently was assimilation to 
schemes according to the operational level of the subject. The 
progress from the first evocation to the second was less marked 
than in the case of the simple seriation (38 percent as against 74 
percent). But this difference seems to confirm our hypothesis of 
an evolution of the code in accord with operational development. 
If the code were fixed, one might suppose that the memory 
would show greater deterioration the greater the interval of 
time. On the contrary, progress was more evident after the longer 
delay and this can be interpreted as being due to a further devel- 
opment of schemes. It can also be suggested that the improvement 
of memory is in direct proportion to the simplicity of the under- 
lying operational activity. A more difficult model, as in the case 
of the “M,” would then give results that are qualitatively similar 
but quantitatively less marked. The essential fact is that for the 
configuration “M” too, the code changed in the course of the 


retention period. 
Memory of horizonal levels of liquid 


In most memory experiments with children, one does not deal 
with modifications of a single scheme but with a whole group of 
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converging schemes. For example, there might be present pre- 
operational schemes and empirical regularities that would lead 
to solutions that are close to the preinferences (or unconscious 
reasonings ) that Helmholtz attributed to perception. Pavlov con- 


tt 


Figure 2 “M” variation of a size graded seriation used as a standard for 
memory reproduction. 
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Faire 3 Three types of memory reproductions of the “M” variation of a size 


graded seriation. 
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sidered this idea to be one evidence of Helmholtzs genius. 

A particularly striking example, among others, was furnished 
by the memory of horizontal levels of water in an inclined 
decanter. Our previous research on the representation of space 
(Piaget & Inhelder, 1956) had shown that the notion of horizon- 
tality is acquired relatively late (around nine years of age). This 
was observed in situations where the child was required to antic- 
ipate the direction of the water level in a decanter that was 
presented first vertical, then lying down, then turned upside 
down, and finally inclined at 45°. The decanter was covered with 
a cloth so that the water level was not visible. Before the child 
succeeds in utilizing natural systems of reference and construct- 
ing coordinates that permit him to establish interfigural rela- 
tions, he does not draw horizontal water levels but levels that are 
inclined or parallel to the base or the side of the decanter or that 
adhere to the angles of the decanter. At this stage, the child 
obviously cannot establish interfigural relations. 


Figure 4 Figure used as standard for memory reproduction of water level 
orientation. 


For the memory experiment, two situations were presented. In 
one situation, children were shown the drawing of a bottle in- 
clined at 45°, and one-quarter of which was filled with colored 
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water. The horizontal water level was parallel to an external line 
of reference (Fig. 4). After one hour, after one week, and after 
six months the children were asked to draw what they remem- 
bered of the presentations. 

On the occasion of the first and second evocations, several 
memory types were found which shows once more that memory 
does not conform to the perceptual configuration of the model 
but rather to the manner in which the model was assimilated to 
the preoperational schemes of the subject. In fact, the series of 
memory types corresponds to a compromise between a sym- 
bolization of schemes and empirical inferences. Memory types as 
a function of age and operational level can be characterized as 
follows. At the lowest level, between five and seven years of age, 
there was a preponderance of drawings (71 percent to 87 per- 
cent) that depicted straight or inclined bottles with the liquid 
Placed either against the side or parallel to the inclined base 


(Fig. 5). Then there were solutions of a somewhat superior 


type: bottles were inclined and water levels were still not hori- 


zontal, but no longer parallel to the base or to the side. Next, 
there was a series of characteristic compromises such as draw- 
ings of a vertical bottle with an inclined surface of water, or of an 
inclined bottle that was completely filled with water. Finally, the 


m 
odel was correctly represented. 


d (Fig. 4). 
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stationary. In general, correct drawings after one week remained 
correct after six months. 

While the first experimental situation reflected mainly pre- 
operational schemes, the second situation revealed compromise 
solutions in which preinferences based on empirical probabilities 
were evident. 

The drawing to be memorized depicted three objects (Fig. 
6). One of these was a bottle, partially filled with colored liquid, 
lying on its side, another was of a car in a normal position, and 
the third was another bottle turned upside down and partially 
filled with liquid. The water level could thus be related not only 
to a base line but also to the car which moreover had a horizon- 
tal colored strip along the lower part of the body. 


Figure 6 


Figures used as standards for memory reproduction of water level 
orientation. 


We wanted to know whether the children would recall the 
prone bottle as it was in the model, or whether the fact that in 
real situations bottles are seldom lying on their sides or standing 
upside down would interfere with the memory image of the 
model as it was perceived. It should again be noted that we 
simply took only the children’s drawings as data and did not ask 
any questions. If the child modified the position of the bottles, 
would he nevertheless recall the horizontal water level? A hori- 
zontal level was of course strongly suggested by the little car 
with its horizontal colored strip: a car is seen only exceptionally 
in any but a horizontal position. 
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The memory drawings of the children of five to six years of 
age appeared at first sight rather fantastic (Fig. 7). Nonetheless 
their spontaneous commentaries indicated that they really be- 
lieved they had seen what they drew and that they did not think 
their drawings of the water level unrealistic. “That is easy,” said 
a six-year-old child, “I should draw some bottles and a car; I 
remember because I’ve been thinking.” Some children remem- 
bered the upside-down bottle correctly and failed only with the 
water level of the bottle on its side, but others turned the upside- 
down bottle right-side up which in itself is perhaps not very sur- 
prising, but they also drew the liquid as if it were sticking to the 
Side. The reason for such a performance seems obvious. First, 
they drew the bottle in an upright, i.e. its most probable posi- 
tion; second, they drew the water parallel to the side since they 
remembered the side as close to the water level; and, third, from 
these premises, they made the inference that a vertical wall re- 
quired a vertical orientation of the water level. 


i i i Fig. 6). 
Pinio 7 Memory reproductions of water orientation standards (Fig. 6) 


Memory for numerical and spatial 


correspondences 


As Operativity develops, modifications of the memory m ed 
he Surprising, though not fortuitous, es 
two or more schemes are in active conflict because 0 = 
Chronous development, interesting memory types emerge. xuc 


Conflict can be brought about, for example, by the following 
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situation. The child was shown four matches placed in a hori- 
zontal broken line and another four matches directly underneath, 
arranged in a flattened “W” so as to avoid suggesting the letter of 
the alphabet (Fig. 8). This configuration of matches could be 
assimilated by the child either as the result of a numerical or as 
that of a spatial relationship. 


AAY 


Figure 8 Figures used as standards for memory reproduction of length and 
number, 


Previous research on the spontaneous development of geomet- 
rical notions indicated that these two systems, numerical as 
against spatial, produce antagonistic results before becoming 
coordinated in the thinking of the older child (Piaget, Inhelder, 
& Szeminska, 1960). In fact, when the child establishes numerical 
equivalences by a one-by-one correspondence, he is still at a 
level at which he estimates the equality of spatial extensions by 
the coincidence or noncoincidence of the extremities of lines, so 
that “to pass” or “to go beyond” means to the child “to be 
longer.” This characteristic of preoperational thinking is more- 
over reinforced by the particulars of the mental image at this 
level. We have noted in our study of the mental image (Piaget & 
Inhelder, 1966) that boundaries play a predominant role in the 
formation of such structures. 

An analysis of memory drawings of the matches as a function 
of age and operativity suggested five successive types. Type 1: a 
double line-up of a great number of matches without any numeri- 
cal or figural correspondence. In type 2 (an interesting intermedi- 
ary form) the coincidence of extremities dominates over numerical 
correspondence; the child draws one horizontal line-up of 


matches and another one in a zig-zag fashion, several times re- 
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peated, such that the extremities of the line-ups coincide. Type 3 
shows the conflict at its height in a false solution that respects 
the numerical correspondence but in which the length of the 
matches in the second line is exaggerated so as to achieve a 
topological coincidence with those in the first. In type 4 the 
conflict is attenuated; the matches in the straight line go beyond 
the matches in zig-zag, but the number of the segments in the 
two lines is not the same. Finally, type 5 achieves the correct 
solution (Fig. 9). 
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the extremities. Apparently the developing schemes accentuated 
the conflict between the numerical and the spatial systems be- 
fore the schemes were sufficiently developed to surmount the 
conflict. 

It is noteworthy that the conflict does not reside in the con- 
figurations as such, but in the assimilatory schemes with which 
the child responds to the configurations. In fact, the memory 
drawings of a figure using continuous lines, resulted in hardly 
any deformations and then only with the youngest subjects. Yet 
the same figure, arranged in broken lines by means of matches, 
produced types of deformations similar to those of the main 
experiment (Fig. 10). 


c = cx x © 
===) 
== ©) 


Figure 10 Figures used as stand 


ards for memory reproduction of length and 
number. 
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occurs a kind of deforming conceptual assimilation already in 
the presence of the model, and that this deformation becomes 
manifest in memory. Previous research has shown that the image 
represents an object by means of its “concept” as much as or 
even more than by means of its “perception.” 


Memory of a situation involving causal 
relationships 


We have so far discussed memory situations related to configura- 
tions that are apt to activate the subjects’ operative schemes; 
other experiments concerned the evocation of a sequence of 
events or states that become comprehensible only when they are 
seen as the result of a causal process. In fact, causality can be 
considered as a system of actions and operations that are attrib- 
uted to the objects themselves. One could therefore expect that, 
just as before, the schemes of the child would intervene in 
memory according to his level of comprehension. 

We used models that permitted the child to notice a causal 
Process, for instance, the transmission of movement by means of 
balls rolling down an inclined plane, or the movement of objects 
through a system of levers. There were also some static situa- 
tions that could be encoded either as spatial configurations or as 
the result of causal processes. The following experiment is an 
example. 

The child was shown two U-shaped tubes (Fig. 11). In the 
one, A, the water was at the same level in both branches, the 
other, B, showed a higher water level in the right branch, which 
was closed by a cork. 

We knew Tos our previous investigations (Inhelder & Piaget, 
1958) that the physical comprehension of the phenomenon of 
communicating vessels only starts at eleven to twelve years of 
age with the beginnings of formal operational thinking. The 
event that was indicated in B could hardly be understood before 
the age of fourteen to fifteen years. Nevertheless, well before this 
age the observation of the uneven levels in B compared to the 
even levels in A could suggest an interesting problematic situa- 
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tion to the child and the cork in B could indicate a causal 
influence. 


Figure 11 Figure used as Standard for memory reproductions of water levels. 


We used an essentially similar procedure as before with some 
slight modifications. The child was first told to look carefully at 
what he was going to see so as to remember it afterwards. Then 
the actual physical model was shown to him for 45 seconds. 
Immediately afterwards the child was asked to draw what he 
could remember and to accompany the drawing with a verbal 
description, No questions of any sort were asked and no mention 
was made of any further memorization. One week later, and 
again six months later, the child was asked to draw what he 
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The overall results of this experiment provided many interest- 
ing insights into the types and modifications of the schemes as a 
function of the development of the child and of the child’s dis- 
covery that there was a problem. With a group of children 
mainly between four and nine years of age, we distinguished five 
types of memory performance (Fig. 12): (1) No differentiation 
between the container and its content; (2) differentiation be- 
tween container and content, with four even water levels but no 
indication of the cork; (3) tube A is drawn just like tube B 
with the water levels in the two branches of both tubes clearly 
differentiated; (4) differentiation between the drawing of the 
water in A and B but the water level in the right branch of B 
does not reach the top, nor is the cork indicated; hence one 
cannot assume that there is a causal comprehension of the situa- 
tion; and (5) a correct memory drawing. 
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Figure 12 Types of memory reproductions of water levels (Fig. 11). 
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Table 2 summarizes the percentage distribution of memory 
types after one week as related to age. It is particularly striking 
that even at the age of eight and beyond, a correct drawing of 
such a simple constellation as two U-shaped tubes is provided by 
no more than 25 percent of the children. Analysis of the changes 
of memory from one evocation to another indicated an uneven 
progress, depending on level of development and memory type. 
In fact, after the immediate memory and the evocation after one 
week, 17 percent of the group improved, whereas at age six to 
seven as many as 39 percent improved. The difference seems to 
be related to the fact that children of this age group begin to be 
intrigued by the phenomenon that they assimilate to a problem 
of physical causality. Here, by way of illustration is what a six- 
year-old child whose memory became better with time said dur- 
ing immediate evocation: “This water level is funny because it is 
not like the other. It must be because of the cork.” A week later 
he said: “I still don’t understand that.” Probably he became 
aware of a problem at the occasion of the evocation rather than 
at the moment when he perceived the model. 


Table 2 U-shaped tubes 


Distribution of subjects (in percentages) by 
memory types and age-groups 


AGE MEMORY TYPES 

1 2 3 4 5 
4-5 4&5 36 9 9 p 
6-7 11 27 11 33 4 
8 and beyond 0 5 10 60 2 
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improve his evocation. If the child in the interval between suc- 
cessive memory performances acquires schemes that enable him 
to understand the phenomenon better, then one can expect 
progress. 

We observed that progress after six months was marked par- 
ticularly by an increase of type 3 memories. Children at that 
stage recall that there are unequal water levels, but they easily 
forget the difference between tubes A and B. At the same time 
we observed some deterioration of memory in children who ini- 
tially had made fairly adequate drawings. The deterioration was 
probably due to the child’s lack of causal comprehension. Inter- 
estingly enough, the conditions that were introduced to help the 
child notice the problem facilitated the second recall, so that we 
obtained about 80 percent correct solutions. 

There is, therefore, no justification for postulating a memory 
of a previous memory as a simple, automatic preservation of the 
first memory within the second. Rather, the memorizing of a 
Previous memory is modified according to what the child has 
learned and understood during the interval. 


Memory of a configuration involving arbitrary 
combinations 


Traditionally, studies of memory have been conducted in such a 
manner as to maximize the singular, the fortuitous, if possible 
the senseless, e.g. nonsense syllables. It was argued that memory 
would reveal itself the purer the more completely it is deprived 
of any significance. In actual fact, memory is never like this in 
real life. Yet it seemed of interest to investigate the memory of a 
configuration that is in part arbitrary. Strictly speaking, each 
Configuration is always the outcome of some previous action, 
hence the result of a transformation. However, the transforma- 
tions correspond only rarely to simple operations. The models 
that were used in the present experiments provided a mixture of 
elements some of which lent themselves readily to a reasoning 


Process, whereas others did not. 
In one of these experiments children were presented with a 
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model of eight regular (cut-out) figures in the sequence triangle, 
circle, square, oval, triangle, circle, square, oval. On these figures 
were pasted black strips in a rather irregular fashion from an 
operative viewpoint yet with some figural regularities (Fig. 13). 
For each pair of identical figures there was a short interior strip 
on one of them and a long one continuing beyond the frontiers of 
the figure on the other. The strips were vertical in four cases and 
horizontal in four cases. But there was no relation between the 
length of the strips and the directions from one element in the 
series to the next. Consequently there were three regular fea- 
tures to be noted: (1) Pairs of figures; (2) Contrast of short and 
long strips; and (3) Contrast of horizontal and vertical strips. 


ASHeAQOHS 


Figure 13 Figures used as standards for memory reproduction of enclosed and 
overlapping lines, 


How would children of different operational levels retain the 
figures? Would they use methods of perceptual encoding or con- 
ceptual schematizations? The children were divided into two 
groups. One group, but not the other, was led toward some 
general conceptual organizing activity by being asked during the 
presentation session to classify the figures. What effect would 
this activity have on memory? In other respects the procedure 
was as before with evocations after one week and after six 
months. We also investigated memory reconstruction from the 
choice of a variety of figures and strips. Furthermore, after the 
second evocation, we proceeded to a new presentation of the model 
and asked for a third evocation and reconstruction one week 
later. This was a kind of mnemonic relearning. 

From a great variety of Suggestive results we here select two 
for discussion. First, when the model includes an inextricable 
mixture of elements some of which can and some cannot be 
readily assimilated to schemes of classification, the child appears 
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to proceed as follows: For the first elements he will utilize 
schematizations that correspond to his operative level of classifi- 
cation and he will simplify, often in a deforming manner, or 
leave out the second elements. An illustration of these proce- 
dures is furnished by the developmental sequence of memory 
behavior that we can present here only in a summary fashion. 

For the total group of children between four and nine years of 
age, we could distinguish four types of memory performance 
(Fig. 14). 

1. The youngest children retained only some isolated forms 
without any discernable systematization; no pairing or contrast- 
ing of shapes or strips was evident. 

2. There was a beginning of schematization that became mani- 
fest by some pairing, which however was not systematic. For 
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Figure 14 Four types of memory reproductions of enclosed and overlapping 


lines (Fig. 13). 
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example, one or two pairs would be noted based on a simple 
contrast between the length or the orientation of the strips. 

3. In this group there was the beginning of a coordination 
between the contrasting attributes within a pair. For example, 
there were at least two pairs each with a single contrasting at- 
tribute or at least one pair with double contrasting features. 

4. This last class showed a generalization of pairs together 
with the double contrasting features. 

When memory levels were compared with levels of classifica- 
tion we noticed a convergence, but there was no direct influence 
on memory drawings of the previous classifying activity. In fact, 
while there were some striking correspondences in the manner of 
general schematizations, the particular content in which sche- 
matization was expressed was not identical in detail. The behav- 
ior of children at superior levels who can take account of all the 
three regular attributes at the same time constitutes an excep- 
tion. The schematization of the nonclassifying children was simi- 
lar to the classifying children except that in the former it oc- 
curred at a somewhat more advanced age level. Hence the 
previous classifying activity seems to have less to do with estab- 
lishing classifying schemes in memory than with activating a 


schematization inherent in the spontaneous development of the 
child. 


A second noteworthy result relates to the cle 
reconstructions over evocation, 


periments. In fact, for the total 
ment for 50 percent of the subj 
percent. This raises an interes 
tion so clearly better than evo 
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rote memory? Obv 


ar advance of 
as noted also in many other ex- 
population we observed improve- 
ects, and on relearning even in 70 
ting question. Why is reconstruc- 
cation in a situation that is rather 
yed in traditional investigations of 
iously it is not sufficient merely to have figures 
and strips some of which are identical to the perceived model 


to remember the combination originally presented, It should 
be noted that reconstruction is an action and, according to 
our working hypothesis, an action presupposes the utilization 
of schemes. Moreover, the conservation of an operative scheme is 
easier than the conservation of a figurative schema since a 
scheme is conserved by its own functioning, But why during the 
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reconstruction of an action are schemes progressively more easily 
organized than during evocation as an image or a drawing? 
Various experiments, the above-mentioned especially, indicate 
that during encoding, the perceived input is assimilated to a 
totality of schemes. In memorizing the particular figures and 
strips, schemes of similarities and differences of length and direc- 
tion were involved. In the case of a simple evocation, these 
schemes probably are present but are not always actively 
applied. The quite fragmentary memory image of these elements 
is not sufficient to make the schemes active. On the other hand, 
reconstruction through manipulation of the elements activates 
the schemes directly and they in turn determine the emergence 
of the memory image. 


Conclusions 


Admittedly, it is rather ambitious to want to contribute some- 
thing new in a field that has been so extensively worked over as 
has memory. It should be emphasized again that our investiga- 
tions of memory were limited to the relations between memory 
and the general structure of intelligence. We hope to have clari- 
fied some points that have general implications for memory and 
thinking behavior. | 

Thus the developmental study of memory in its relation to 
intelligence, of which we have here sketched some characteristic 
results, seems through a converging number of facts to support 
the initial hypothesis. We hypothesized that the mnemonic code, 
far from being fixed and unchangeable, is structured and restruc- 
tured along with general development. Such a restructuring of 
the code takes place in close dependence on the schemes of intel- 
ligence. The clearest indication of this is the observation of 
different types of memory organization in accordance with the 
age level of a child so that a longer interval of retention without 
any new presentation, far from causing a deterioration of mem- 
ory, may actually improve it. In fact, such progress is due to and 
makes evident the general progress of intelligence during the 
Interval concerned. 
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This hypothesis should not be taken to mean that any kind of 
memory encoding in situations related to operativity will lead to 
progress with a sufficient interval of time. The progress observed 
occurred in relatively simple memory situations in which quite 
general schemes sufficed as a support for the child’s memory. In 
addition, these schemes were in a state of active evolution during 
the ages under study. When conflicting schemes exist side by 
side, as is frequently the case in everyday situations, and espe- 
cially when the situations are fortuitous, the schemes of the 
subjects, as we have seen, can play a twofold role. They can 
bring about deformations or adaptive simplifications. Hence we 
are far from asserting that memory is always making progress. 
Our main assumption is that the figurative schemas of memory 
—from perceptual recognition to image evocation—are not by 
themselves sufficient to explain memory. They need the support 
of operative schemes, on which the element of comprehension 
—which is nearly always present in memory behavior—depends. 

At this point, we would again like to emphasize that our work 
in memory is in the tradition of the great Bartlett (1932). In 
fact, our terminology, and, at a deeper level, the ideas that have 
directed our research are no doubt reminiscent of his highly 
original approach to these problems. Bartlett used the term 
“schema” proposed by Head, though he expressed his dislike for 
the word. According to him a more dynamic term, such as active 
developing patterns, or organized setting, would be more appro- 
priate. Such schemata or patterns are always active in well- 
adapted reactions of the organism according to Bartlett, Head’s 
schemata were primarily conceived as applying to functions of 
afferent sensibility; Bartlett went much further and saw in the 
schemata the explanation of many facts of memory. It is hardly 


necessary to emphasize in this context that Bartlett’s term 


schema is coextensive neither with our term scheme nor with our 
schema, though it is nea 


rer to scheme. Bartlett encounters a 
difficulty in the fact that each of these schemata possesses its 


own natural and essential time order, in which the “last preced- 
ing member” of a series dominates, The iterative and circular 
character of motor habits poses no problem here; but it is ob- 
vious that in many facets of memory, especially those of the kind 
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we have explored, the individual succeeds in “breaking up” the 
temporal order. As an explanation of this “breaking up” Bartlett 
very tentatively proposes a kind of general attitude of the subject 
toward new experiences, this attitude being determined by the 
schemata. Perhaps we have contributed in some measure to the 
solving of Bartlett’s problem. 

To sum up, memory cannot be dissociated as a separate ability 
from the functioning of intelligence as a whole. The problem of 
the relation of memory and intelligence remains to be analyzed 
in greater depth and with greater precision than in our prelimi- 
nary investigations. 

The observed developmental dependence of memory on the 
encompassing structures of the child suggests two rather general 
implications, First, our results reconfirm the importance of oper- 
ative structures. These structures not only control strictly logical 
behavior but also become manifest as determining factors in 
many different fields; this has been shown in experiments on 
perception, on mental image, on learning, and now also on 
memory. Second, even in the field of biological memory it seems 
that it is no longer appropriate merely to speak of traces or 
engrams. There is always an underlying structure that contrib- 
utes to the integration of memory acquisition. These structures 
may well depend on the integrity of RNA or DNA or on some 
other factor. But whatever role may in the future be assigned to 
such biochemical factors, a process of structuration will no 
doubt always be present in mnemonic organization. 
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Some Implications of Ontogenetic 
Changes in Perception 


ROBERT H. POLLACK 


The major thesis of this chapter is that ontogenetic changes in 
visual perception may not be accounted for by a single mecha- 
nism based upon a principle of development. It is necessary, at 
the outset, to define the notion of development that will be 
applied throughout this paper. The viewpoint held earlier (Pol- 
lack & Chaplin, 1963) that development is simply change in 
behavior through time, is no longer considered useful because it 
encompasses too many behaviors shown by analysis to be under- 
lain by different organismic mechanisms. Rather, the orthoge- 
netic principle proposed by Wapner and Werner (1957), that 

ehavior becomes more differentiated and hierarchically orga- 
nized, appears to handle the data better. Implied in such a prin- 
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ciple is the notion that similar behavior at different times in the 
life cycle is governed by discrete organizing principles that differ 
in complexity and hierarchization. If this viewpoint is adopted, 
then those ontogenetic changes in behavior that are the result of 
practice or of deterioration due to organic aging cannot be 
regarded as developmental, since they occur without any con- 
current shift in underlying organization. The argument to be 
presented here is that there are two major mechanisms of onto- 
genetic change in visual perception during childhood, receptor 
aging and the orthogenetic principle. These produce three ob- 
servable courses of change with age: (1) a decrease in phenom- 
enal magnitude due to organic aging, (2) an increase due to 
development, and (3) a decrease followed by an increase due to 
the replacement of the aging mechanism by development. 

In contrast to the above, Piaget (1967), in a succinct sum- 
mary, offers a single explanatory principle for age changes in 
perception. This is the law of relative centrations. The empirical 
ground for the theorizing of both Piaget and myself is the visual 
illusion, with extensions into aftereffe 
There is a class of 
illusions, which d 
hood. These illusi 
physical structure 


centration), he will 
number of compari- 
inate the distortion 
. Since centration as a 


children and adults (Piaget & Vinh-Bang, 1961 }s 

There is, however, a second category of illusory phenomena, 
secondary illusions or Type II, which show an increase in mag- 
nitude as a function of age. Because of the structure of the con- 
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figurations and the way they are presented, with their parts 
separated by distance or by time, they produce relatively smaller 
illusions in young children than in their elders. The young child 
has not yet learned to make comparisons of distant objects or of 
objects presented in temporal succession, whereas such compari- 
sons and contrasts are an adaptive mode of perceptual activity 
for the adult. But we should let Piaget speak for himself: 


In sum, in addition to the “primary” effects which stem from the 
law of relative centrations, there is a whole body of perceptual 
activities—transports, comparisons at a distance, transpositions, antici- 
pations, etc.—which, in general, lead to the attenuation of primary 
errors but can provoke secondary errors when they relate elements at 
a distance giving rise to contrasts, etc. In other words, they give rise 
to illusions which would not be produced without the establishment of 


distant relationships. oo. 
It must, however, be understood that these perceptual activities in a 


sense stem from the primary effects, since the “encounters” and 
“couplings” associated with them are due to centrations and decentra- 
tions which constitute activities in themselves. At all levels perception 
is active and cannot be reduced to passive reception. As Karl Marx 
said in his objections to Feuerbach, sensibility must be considered as 
“the practical activity of man’s senses” (1967, p. 141). 

For Piaget, then, the same mechanism underlies all age changes 
in perception. 

Before I go on to outline my own position, which bears certain 
Similarities to that of Piaget as well as some fundamental differ- 
ences, I wish to point out some contraindications for this single 
mechanism theory. As the reader may suspect, the contraindica- 
tions have me convinced, but the racing researcher, clinging to a 
Promising theoretical lead of his own, is not easily discouraged 
and plunges on until the constraint of negative data eventually 
Stops him. 

First, although phenomena that fall into Piaget's Type II 
appear to be correlated with intelligence (Spitz & Blackman, 1959; 
Prysiazniuk & Kelm, 1963; Gaudreau et al., 1963; Pollack, 
1964a), Type I phenomena do not (Spitz & Blackman, 1958; 
Gaudreau et al., 1963; Pollack, 19636, 1964a, 1965c). Second, 
despite the necessity, in Piaget’s system, of allowing time for eye 
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movements during stimulus presentation, even tachistoscopic 
studies of the Type I illusion (Pollack, 1963c, 1964a) show an 
ontogenetic decline. I propose, therefore, that Type I and Type 
II phenomena represent two distinct ontogentic courses. Type I 
phenomena reflect a nondevelopmental age change dependent 
upon factors of physiological aging, such as reduced pupil size, 
increased lenticular density, and increased retinal pigmentation. 
All of these serve to render the visual receptor system less sen- 
sitive to those variables that underlie configuration: figure- 
ground contrast, intercontour distance, and contour orientation. 
Thus, increasing perceptual veridicality is an accidental by- 
product of reduced receptor efficiency rather than the product of 
a developing cognitive structure making use of past experience 
(Weale, 1963; Pollack, 1963c). Paradoxically, the ontogeneti- 
cally increasing nonveridicality of Type II phenomena is related 
to intellectual functioning and represents the emergence of the 
higher-level activity of organizing sense data. 

According to Piaget, then, developmental changes in Type I 
and Type II phenomena take place for the same reason. The 
child’s increasing ability to take successive looks at his environ- 
ment, to compare his partial percepts, and to integrate over time 
the perceptual information he gathers, is the major mechanism 
accounting for this developmental change. This growing ability 
is described by Piaget as a crude form of intellectual behavior 
—crude only because stimulus factors impose irreversible re- 
straints upon the judgments that can be made about them. Thegg- 
fore, Type I illusion phenomena, determined largely by the 
stimulus configuration seen in a single glance, become less ap- 
parent as the child becomes more proficient in his perceptual 
activity. He gains accuracy because Successive comparisons of 
the parts of the configuration in some Way counteract the illu- 
sory effect. In the case of Type II illusion phenomena, however, 
the illusory effect is produced, rather than diminished by suc- 
cessive comparisons of the parts of the configuration, The young 
child who does not integrate his percepts through time is rela- 
tively unaffected by the succession of stimulus configurations 


and perceives more accurately. The adult is deceived by his own 
higher-level capacities, 
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If Piaget were correct, both developmental sequences should 
be significantly related to intellectual capacity. As stated above, 
such is not the case. Despite the sparseness of the data collected 
so far, there is little indication of a strong relationship between 
intelligence and the magnitude of Type I phenomena. Such a 
relationship does exist with Type II phenomena. F urthermore, 
the tachistoscopic presentation of Type I phenomena should 
eliminate the developmental trend toward veridicality since eye 
movements are severely restricted. Piaget, Matalon, and Vinh- 
Bang (1961) have found no such disappearance with the Del- 
boeuf illusion, nor has Pollack (1963¢, 1964a) with the Mueller- 
Lyer illusion. 

It is proposed, therefore, that the mechanisms underlying the 
two types of phenomena are different. The present investigator 
argues that Type I phenomena and their development can be 
accounted for in terms of stimulus factors in interaction with a 
more or less efficient receptor system, without appeal to intellec- 
tual functioning or learning experiences. On the other hand, 
Type II phenomena represent the integration over time of traces 
of past interactions with an ongoing interaction. These temporal 
integrations must involve higher-level associative functions that 
probably are related to intelligence and to learning experience. 

To demonstrate the differences between mechanisms, it is 
necessary first to list and describe the operation of the stimulus 
determinants of the Type I interaction. Their operation has been 
exhibited with fixation effects, aftereffects, and geometric illu- 
Sions. As long ago as 1937, Gibson (1937) demonstrated that 
prolonged visual exposure to a given stimulus results in adapta- 
tion to that stimulus: that is, there is a loss of sensitivity to the 
quality presented, whether it is brightness, contrast, saturation, 
tilt, curvature, or motion. The removal of the adapting stimulus 
results in a negative aftereffect or a successive contrast effect. 
The stronger the initial adaptation, the stronger the aftereffect is. 
In general, such a relationship would be expected to hold, with 
the stipulation that the introduction of successive stimulation 
brings with it the complicating factor of temporal integration 
(Hearnshaw, 1956). Koehler and Wallach (1944), in their 
monograph on figural aftereffects, listed and crudely demon- 
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strated the operation of some of the possible stimulus variables 
that affect the level of adaptation and thus the magnitude of the 
effect. The critical variables were duration of exposure, figure- 
ground contrast, and intercontour distance. The major quantita- 
tive confirming studies of these variables were performed by 
Hammer (1949) on duration; by Pollack (1958), Oyama 
(1961), and Graham (1961) on figure-ground contrast; and by 
Fox (1951) and Pollack (1958) on intercontour distance. In 
summary: (a) duration of exposure (fixation) increases the 
magnitude of fixation effects and aftereffects up to a maximum at 
go sec.; (b) the greater the contrast between the inspection or 
inducing figure or line and its background, the greater the after- 
effect; and (c) as intercontour distance increases, the aftereffect 
will increase to a maximum and then decline (distance paradox). 
Later, George (1962), Pollack (1963b), Pollack and Chaplin 
(1964), and Pollack (1964a) introduced the variable of inter- 
contour orientation, demonstrating that parallel contours phe- 
nomenally attract each other during inspection, while intersect- 


gation of contour detectability thresh- 
olds in childhood (Pollack, 1963c) offers confirmation for this 


view. Both sensitivity to contour as produced by brightness 
Mueller-Lyer illusion were 


- Intelligence was found to 
of sensitivity might be due 
aptation of the retina as a result of in- 
atterned stimulation, or to the fact that 
etina as the organism ages. Weale (1961, 


creasing exposure to p 
less light reaches the r 
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1961b) has shown that lenticular density and pigmentation in- 
crease with age while pupil size decreases. Retinal pigmentation 
also increases with age. The pinpointing of the mechanism in- 
volved requires physiological investigation rather than behav- 
ioral research, but some indirect evidence will be presented 


later. 
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The importance of the unique role of succession to the kind of 
Phenomenon obtained and its ontogentic development was 
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demonstrated by Piaget et al. (1942) and by Piaget and a. 
bercier (1944) in comparing the Delboeuf illusion with the 
Usnadze effect. Pollack (1963b) obtained similar results compar- 
ing fixation and aftereffects. In both cases, the illusory effect was 
reversed when presentation of the figure was altered from simul- 
taneous presentation of all figural parts to successive presenta- 
tion of adjacent parts. Furthermore, Piaget and his co-workers 
demonstrated that the introduction of succession reversed the 
ontogenetic trend of the illusions obtained, as stated above. 
Ikeda and Obonai (1955) and Adam, Gibb & Freeman (1966) 
demonstrated an abrupt shift in the direction of illusion when 
two stimuli become far enough separated in time to be perceived 
as successive rather than simultaneous. As part of a program of 
investigation, the author (Pollack, 1964a) converted a Type I 
illusion (Mueller-Lyer) into a Type II illusion by altering the 
mode of presentation from simultaneous to successive, This was 
done by presenting the oblique inducing lines before presenting 
the main line, It was predicted that the classical illusion would 
reverse in direction, that the new illusion would increase rather 
than decrease in absolute magnitude, and that a positive correla- 


tion with intelligence would be obtained. All three predictions 
were confirmed (see Fig. 2). 


The long-range research program 
to investigate the problem area. 
effort were: 


1. To study the properties of Type I phenomena and to isolate 
their stimulus determinants; 

2. To locate the boundary between T 
nomena and to discover the nature 
these types; and 

3. To examine the properties of Type II phenomena and to dis- 


cover the characteristics of the intellectual activity with 
which they are related. 


just mentioned was designed 
The initial objectives of the 


ype I and Type II phe- 
of the transition between 


Type I phenomena 


To extend the inference, drawn from the contour detectability 
study by Pollack (1963c), that receptor sensitivity declines 
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throughout childhood as age increases, a study of hue detectabil- 
ity was undertaken (Pollack, 1965a). The experiment was de- 
signed as a discrimination task to determine the threshold for 
detection of a difference between two neutral gray samples of 
reflected light as a function of the addition of some hue to one of 
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Figure 2 Magnitude of simultaneous and successive illusions as a function of 


age level. 


them. Lightness was held constant within standard Illuminant C 
illumination, and the complicating factor of color naming never 
entered into the situation. The subjects ranged in age from seven 
to twelve years, (For apparatus details, see Pollack & Magerl, 
1965.) 

Unlike the contour detectability study, the results of this ex- 
Periment showed no age effects (see Fig. 3). It appears as if 
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receptors underlying the perception of contour, as determined by 
brightness contrast, follow a different course of aging than those 
underlying the perception of saturation. Curiously, however, at 
all ages the purple-blue and green samples were more difficult to 
detect than the yellow-red sample. This second finding has been 
followed up in a study of the limits of visual acuity as exhibited 
by the perception of minimal separation of horizontal colored 
bars on a neutral gray background of equivalent lightness. Red 
(Munsell 5 R 5/12) and blue (Munsell 7.5 PB 5/12) pairs of 
bars on a gray (Munsell 5/-) ground were employed. The visual 
angular dimensions of the bars were 4 Xr on an 8.3 X 8.3 
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Figure 3 Hue detection threshold as a function of chronological age. Threshold 
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u ees of h to gray 
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square field. Separations varied from 5” to 60” 
stimuli were illuminated by Illuminant C. 


Two adult subjects were employed and both showed signifi- 


in 5” steps. All 
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cantly finer acuity with red than with blue bars. The means were 
18.58” and 26.94” for the red bars and 46.88” and 40.50” for the 
blue bars for the two subjects respectively. This line of research 
is being continued by an associate, Eugene Skoff, with children 
age six through fourteen with a task that combines contour and 
hue detection in a single stimulus situation. Thus far, only the 
hue difference appears clear. The possibility of age trends still 
awaits analysis. Separation acuity of black bars on a white 
ground is also being studied over this age range so as to discover 
whether age changes in contour detection influence the mini- 
mum perceptible separation of suprathreshold bars. If no such 
effect is demonstrated, the lightness of the background will be 
varied systematically to approach threshold conditions. Exposure 
time will be varied as well, since it has been found that parallel 
bars tend to exhibit irradation with longer exposure times and 
thus to fuse phenomenally. Speed of fusion would be an indirect 
measure of receptor sensitivity and would be expected to be 


More rapid in younger subjects. 


Type I-Type II boundary 


Work on this problem began inadvertently some years ago with 
an attempt to test Koehler and Wallach’s (1944) hypothesis that 
figural aftereffects should decline with age. Pollack (1960) stud- 
ied the frequency of occurrence of two types of displacement 
aftereffects following short (10 sec.) exposures to an appropriate 
inspection figure (IF) as a function of the chronological age. The 
frequency of both effects did indeed decline between the ages of 
four and ten (see Fig. 4), but unexpectedly increased again 
thereafter. These results suggested that the inflection in the 
Curve after age ten was due to a change in the process under- 
ying the production of aftereffects. In other words, the inflection 
represents development. It was suggested, further, that early 
decline in the frequency of aftereffects is due to a loss of re- 
ceptor sensitivity, resulting in the decrease in duration of an 
afterimage-like process following fixation of IF. That is, early in 
life the child makes a simultaneous comparison between the 
afterimage of an adapted-to IF and a subsequently presented 
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test figure (TF), which produces the phenomenon of displace- 
ment. Later on, some sort of successive comparison process re- 
places the earlier simultaneous process and the aftereffect A 
creases once more. The inflection of the curve is presumably 


produced by a lag in the effective onset of the second, more 
complex process. 
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us figures. 


If this reasoning is correct, then phenomena resulting from 
stimuli that are not detected as successive should behave as 
though they are of Type I. Those stimuli perceived as continu- 
ously changing rather than successive might well indicate a shift 
from Type I to Type II phenomena some 
range. 

Two experiments (Pollack, 196sb, 1965c) 
masking were carried out. Backward mask 
cause this situation involves a discrete suce 
are experienced as simultaneous whether 
detected. The first experiment was carried 


where in the age 


on backward figural 
ing was chosen be- 
ession of stimuli that 
or not the target is 
out with two adult 
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subjects to make sure that two of the psychophysical variables, 
figure-ground contrast of the target and contour orientation of 
the target and mask, were potent in this particular situation. If 
they did indeed influence the amount of masking in a systematic 
fashion, the assumption could be made that backward visual 
masking is a Type I phenomenon. The results (see Figs. 5 & 6) 
showed clearly that both variables were operative. Masking 
Occurred only when the target exhibited distinctly less contrast 
with its ground than did the mask, and was greatest when the 
contours of the mask and target were parallel and without 
angles. In the second experiment, the conditions that produced 
the maximal amount of backward masking were presented to 
ven to ten years. The interstimu- 
lus interval permitting masking declined steadily as a function of 
increasing chronological age (see Fig. 7). Correlation with 
chronological age was higher than with mental age, and there 
was no correlation with IQ when age was held constant. Back- 
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ward figural masking, therefore, exhibits the characteristics of 
Type I phenomena. 


100A---A---A---A---A---A---A 


SUBJECT I 


80 


a 
© 


a 
fo) 


@—e rR-D 
O——O HR-H 
X——X HR-D 
20 A---A RH 


FREQUENCY OF DETECTION 
(PERCENT) 


60 80 100 120 140 
INTERSTIMULUS INTERVAL (MSEC) 


Figure 6 Percent detecti i 
on of inner or mask, ‘ à 
stimulus interval for § Il. sked figure as a function of inter- 


variables investigated were 
contour orientation (Pollack, 


i ] correspondence with vi k- 
ing as possible, the dependent variable measured ml ds 


ONTOGENETIC CHANGES IN PERCEPTION 379 


À 
a 
Le) 
N 
= 


a 
o 
T 


D 
=] 
T 


wo 
Le] 
T 


120} 


MEAN MASKING INTERVAL (MSEC) 
1 


KE 


# 
0 L fi 1 
es 93.3 106.1 118.4 
MEAN AGE (MONTHS) 
Mean interstimulus interval for backward figural masking as a function 


of chronological age. 


Figure 7 


ral range of apparent movement, namely, the range of interstim- 

ulus intervals over which subjects reported a single figure as 

Moving. This measure, obtained by subtracting the simultaneity- 

to-movement threshold from the movement-to-succession thresh- 

old, was analogous to that employed in the masking studies; that 

is, the range of interstimulus intervals over which the initial 
Sure in the sequence was masked. , 

As in the masking experiment, two trained adult subjects were 
employed. The stimuli were white, light gray, and mid-gray 
Squares on a black background. Each square subtended a visual 
angle of 5622”. The interstimulus distance subtended a visual 
angle of 39/40”. Variation along the dimension of contour orien- 
tation was provided by having the squares presented horizon- 
tally under one condition and tilted 45° under the other, so that 
the phenomenally experienced shapes were diamonds. All stimuli 
Were presented tachistoscopically. The first figure appeared to 
the left of the center of the visual field, the second to the right. 
During the interstimulus interval, a plain black background was 
Visible. Each figure was presented for 50 msec., and the inter- 
Stimulus intervals varied from zero to 150 msec. in 10-msec. 
Steps. The method of limits was employed throughout. The sub- 


RESEARCH PERSPECTIVES 
380 


ject was simply asked to report “two” when he saw either ca 
Ba resented successively or two figures presented simulta: 
ep He reported on En he ete a single figure 
i o right across the visual field. 

M I a rai Each subject showed a significant 
decrease in the temporal range of apparent movement ri T 
figure-ground contrast level was decreased (see Figs. 8 Aa 
Furthermore, the temporal range of apparent movement -si 
significantly greater when the figures were parallel to = r = 
(i.e. square orientation), than when their projections wou ar 

intersected each other (i.e. diamond orientation). The results 


were therefore parallel to those obtained for backward figural 
masking. 
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microgenetic sequence in 


as carried out to study the effect of 
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k, 1966b). The reason for this study 
the area had dealt with transmitted 
and with figures having no sharply 
as felt that since articulated contours 
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the effect of the duration of the ini- 
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tial stimulus. That is, as stimulus duration was increased from 
Zero to a certain time, the temporal range of apparent movement 
a function of the buildup of contour. Once 
beyond this point, however, adaptation processes would take 
Over and the temporal range would begin to decrease. 

The square white figures of the previous experiment were used 
again. The duration of the second stimulus was always 50 msec., 
and that of the initial stimulus was varied (50, 150, 1000, 2000, 
5000, 10,000 msec.). As before, two trained adults served as 
Subjects. 

The results were quite clear. 


Would increase as 


The temporal range of apparent 


Movement increased as the duration of the initial stimulus was 
Mcreased from 50 to 150 msec. From this point onward, the 
temporal range of apparent movement decreased as the initial 


stimulus duration increased (see Fig- 10). 

The results of these two experiments indicate that the phe- 
nomenon of apparent movement is dependent upon the same 
Stimulus variables as are other Type I phenomena. Conse- 
quently, it was expected that with young children, one would 


obtain results comparable to those obtained with other Type I 
phenomenon was expected to 


Phenomena (Pollac . This 
Gare allan, LS and to be relatively unrelated to 


€crease with age up to a point 
intelligence. eke children grew older, they would tend to 
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make use of the stimulus trace of the first stimulus to mediate 
apparent movement. One could then expect that beyond a given 
age level, the temporal range of apparent movement would again 
begin to increase. In other words, as the persistence of the initial 
stimulus declined as a function of aging in the receptor system, a 


new analogous process making use of the stimulus trace would 
replace it. 
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Figure 10 Temporal range of apparent mov, 


ement as a function of initial stimu- 
lus duration. 


The stimulus conditions optimal for 
temporal range of apparent movement 
white squares with an initial stimulus d 
subjects were 72 children, ranging in 
years. 

As expected, the temporal range of apparent movement de- 
creased between ages six and nine but increased again beyond 


producing the greatest 
were employed, namely, 
uration of 150 msec. The 
age from six to eleven 
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age nine (see Figs. 11, 12). Analysis of the simultaneity-to- 
movement and movement-to-succession thresholds indicated that 
most of the variation in the range of apparent movement was 
contributed by the movement-to-succession threshold. Correla- 
tion with IQ was nonsignificant for the seven- to nine-year-old 
children, but positive and significant for the ten- and eleven-year- 
olds. The pattern of results obtained in this experiment was very 
similar to that obtained in the earlier (Pollack, 1960) study of 
the frequency of occurrence of figural aftereffects after brief 


inspection. 
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Figure 11 Mean range of interstimulus interval times permitting the report of 
apparent movement as a function of age. The solid line represents 
empirical data; the dotted line represents the curve of best fit. 


The inflected ontogenetic curve and the pattern of correlation 
with intelligence seem to indicate that an underlying develop- 
mental change takes place to reverse the ontogenetic trend. 
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Spatial separation of contours 
as well as temporal succession of adjacent contours. Experiments 


by Sutherland (1954) and by Day and Logan (1961), compar- 


sively by Ikeda and Obonai (1955) 
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ing fixation effects with small and large figures, seem to support 
this possibility. In both these studies, the fixation of a small 
circle resulted in shrinkage of that circle—a finding that is quite 
analogous to the expectation of contour attraction discussed 
earlier (Pollack, 1964b). Large circles, on the other hand, ap- 
peared to increase in size following fixation. This reversal may 
have been due to the introduction of an element of temporal 
succession into the stimulus situation, since not all parts of the 
large circles could be fixated simultaneously. 

These phenomena, because of the particular form of stimulus 
presentation (i.e., fairly rapid succession), illustrate the chang- 
ing interplay of the ontogenetic processes which underlie Type I 
and Type II phenomena. The Type I process, which depends 
upon the interaction of the variables of relative intensity, dura- 
tion, and contour orientation within the proximal stimulus, grad- 
ually declines with age as a function of decreasing receptor 
sensitivity. The effects of this loss of sensitivity are twofold, 
First, the strength of the interaction among these variables is 
reduced, thus decreasing the magnitude of Type I phenomena; 
second, stimulus persistence in the receptor system is also re- 
duced, thereby diminishing the magnitude of phenomena that 
depend upon the perceived simultaneity of stimuli presented in 
rapid succession. As the Type I process is declining, the Type II 
process is progressively developing. This process, which involves 
the registration of stimulus traces and their integration with later 
stimuli in the series, becomes more manifest as the child grows 
older. Essentially, the child learns to compare the registered traces 
with new stimulation and begins to view the world in terms of 
sequences of stimulus events. When the succession of stimulus 
events is long enough, but is still relatively short, the transition 
between these two basic processes can be observed. The indices 
of this transition are the inflected ontogenetic curve and the 
change in the pattern of correlation between the magnitude of 
the perceptual phenomenon and other cognitive abilities as mea- 
sured by intelligence test scores. 

Since the phenomena themselves change in their magnitudes 
only and not in their qualities, despite the probable fact that 
they are underlain by different processes at different develop- 
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mental stages, it would appear that the Type I process serves as 
the primitive lower-level analogue to the higher-level Type II 
process that follows it in time. Consequently, the proper and 
rapid development of the skills necessary to put the Type II 
process into operation as the dominant form may depend heavily 
upon whether the child has a good deal of exposure to Type I 
situations in which stimulus persistence is strong and readily 
apparent. Deprivation of the stimulus persistence due to some 
kind of reduced efficiency of the receptor system may therefore 


retard the development of the Type II process. This possibility 
will be discussed later. 


Type II phenomena 


Thus far, our experiments with Type II phenomena have been 
limited to an exploration of intersen: 


Ë 3 x a a certain amount of 
strain, and since instructions do not permit the subject to relax 


his muscles directly, it was hypothesized that relaxation, or 
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counteraction of muscular activity, occurs vicariously by dis- 
placement of the figure away from the subject. A series of 
experiments (Pollack, 1963a), which will not be described here, 
supported this explanation. Adult subjects did indeed counteract 
the strain of convergence by displacing the objects away from 
themselves. In studying the effect of body tilt upon perception of 
the vertical, Wapner and Werner (1957) found, however, that 
young children tend to assimilate to the muscle activity pro- 
duced by the tilt rather than to counteract it. Whereas adults 
adjusted the vertical in a direction opposite that of the body tilt, 
young children adjusted the vertical in a direction identical to 
the tilt. Evidence from their research indicates that the transi- 
tion from assimilation to counteraction occurs early in adoles- 
cence. Assuming that this ontogenetic trend is transposable to 
the perception of objects in the third dimension following fixa- 
tion, there is no guarantee that the age of transition will be the 
same for the two phenomena. Indeed, we find from Wohlwill’s 
(1963) report on the perception of size and distance as a func- 
tion of chronological age that a shift from under-constancy to 
over-constancy occurs at about age seven. It may be that the 
transition to overestimation of distance and probably, therefore, 
overestimation of size, is due to a change in mechanism: from 
(1) assimilating to convergence—bringing objects of a given 
retinal size closer and thus estimating their size as smaller, to 
(2) counteracting convergence—displacing objects away from 
oneself and therefore estimating their size as larger. Thus, one 
might expect the transition age to be the same as that from 
under- to over-constancy, namely, about seven years of age. 


In evaluating the relationship between perceived distance as a 
function of fixation and higher-level cognitive processes, one must 
take into account earlier work on the relationship between size- 
distance judgments and intelligence. Jenkin and Feallock (1960) 
studied this relationship, comparing samples of normals and 
retardates matched for chronological age, and found no differ- 
ences. It appears that although such perception must require 
central integration of information from more than one sense 
modality, vision and proprioception, this may not occur on the 
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same level as the integration of information through time. The 
shift might be due to an underlying cognitive developmental 
change, but it may also be due to an attitudinal change in the 
mode of perception from assimilation of extraneous bodily stimu- 
lation to counteraction of such stimulation. The introduction 
of counteraction may represent an attempt on the part of the 
child to maintain the stability of his perceptual world by 
compensating for stimulus forces. Assimilation, however, repre- 
sents a state in which the child defines the dimensions of his 
perceptual space in terms of the ongoing stimulation and adjusts 
these dimensions in the same direction as new stimulation 
oceurs. Once a shift from assimilation to counteraction has taken 
place, there is no further need for any change, except perhaps in 
degree. Whereas the continued sharpening of contrast between 
temporally separated stimuli improves the contrast mechanism, 
and thus the ability to make subtle comparisons between stimuli, 
the exaggeration of counteraction serves no such purpose. Exag- 
geration of counteraction, in real life, produces a distortion as ill- 
adaptive as the distortions produced by assimilation. Therefore, 
the dual possibility exists that the assimilation-counteraction 
shift is a fairly low-level cognitive shift, and that once it is made, 
no further progress is evident. If such were the case, then corre- 
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same point at which Wohlwill reports a shift from under- to over- 
constancy of size and distance judgments for near objects. Corre- 
lation with chronological age was significant, but correlation 
with intelligence test scores was not. The results therefore con- 
firmed our own expectations and earlier findings in the liter- 
ature. 
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Figure 13 TF displacement as a function of school grade (positive values in- 
dicate displacement of TF away from S; negative values indicate 
displacement toward S). 


The next study undertaken dealt with a situation in which 
muscular activity and visual stimulation could be observed to 
Operate separately, presumably in cooperation with and in 
opposition to each other. The phenomenon investigated was the 
subjective median plane (SMP), or the straight-ahead. Visual 
stimulation was provided by an illuminated square subtending a 
visual angle of 2°12” at 5 m. viewing distance. The subject 
raised one laterally extended arm to shoulder height for 15 sec. 
to induce muscular stimulation. Eight stimulus conditions were 
presented: (1) left extent (i.e. right edge of square set at the 
apparent straight-ahead), (2) right extent (i.e. center of square 
set at the apparent straight-ahead), (3) left arm raised, (4) 
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right arm raised, (5) left extent-right arm raised, (6) left 
extent-left arm raised, (7) right extent-left arm raised, and 
(8) right extent—right arm raised. All measurements were 
deviations from a previously established SMP obtained by hav- 
ing the subject set the center of the square straight ahead in the 
absence of muscular stimulation. Twenty subjects (10 boys - 10 
girls) at each of nine age levels ranging from six to fourteen 
years were employed over all conditions. 

Initially the data were examined for sex differences. Since 
none were found, boys’ and girls’ scores were pooled. Analysis of 
variance revealed a significant main effect for stimulus condi- 
tions and a significant interaction between conditions and age. 
The main effect for age was cancelled by presenting stimuli both 
on the left and on the right. Single classification analyses of 
variance were run alone for both extent effects and arm- 
extension effects. The patterns obtained for extent were similar 
to those reported by Wapner and Werner (1957). The effect of 
asymmetrical extent was to shift the SMP in the direction of 
stimulation. As age increased this effect diminished (see Fig. 
14). Product-moment correlation produced a coefficient of —.25 
(p. < .01) between chronological age (CA) and extent effect. Par- 
tial correlation holding mental age (MA) constant revealed that 
CA alone accounted for the relationship. Thus, extent effect fits 
into the Type I category on all counts, 

The effect of arm extension on the SMP of the center of the 
square was more complicated. The six- 
tended to set it in the direction of stimulatio 
children tended to set the SMP in the direc 
stimulation. Thus, the results are similar to 
fixation experiment discussed earlier. The 
shift from assimilation to counteraction is 
age seven). In this case, however, analysis 
a more continuous age effect. Even this a 
age nine (see Fig. 15). Once again correlation with CA was sig- 
nificant (r = .24, p < .01), and partial correlation demonstrated 
that CA was the major variable correlated with magnitude of 
effect. In light of the earlier fixation experiment (Pollack, 1967), 
these results were as expected; they showed a lower kind of 
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Spatial extent effect on subjective median plane as a function of age. 


L fi = 0h L 
1 2 3 4 5 6 7 8 
GRADE 


Lateral arm extension effect on subjective median plane as a func- 


tion of age. 


392 RESEARCH PERSPECTIVES 


Type II phenomenon in which assimilation to muscular stimula- 
tion shifts to counteraction of stimulation, but without regard to 
higher-level cognitive ability. 

Interesting and unexpected results were produced by analysis 
of the conditions in which extent and muscular involvement 
were combined so that they would be expected either to sum- 
mate or to cancel each other. With a shift from assimilation to 
counteraction of the effects of arm extension, it was expected 
that the youngest children would show a greater left deviation 
with a combination of left extent-left arm raised, while the 
effects of left extent-right arm raised would tend to nullify each 
other. With older children this pattern would be reversed. A 
glance at Fig. 16 makes it apparent that this did indeed occur, 
but without a significant age trend. It is curious that the effect of 
extent appears to dominate completely that of arm extension 
when the two are presented in combination. A similar experi- 
ment with adults (Pollack, 1961) indicated that the dominance 
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Shifts in the subjective median plane (SMP) resulting from the 
interaction of visual and muscular stimulation as a function of age. 
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of the visual stimulus comes to an end somewhere in the age 
scale, perhaps further on into adolescence. Future investigation 
will extend this analysis through the high school years. 

In their work on the effects of body tilt on the perceived ver- 
ticality of a rod, Wapner and Werner (1957) found that the 
transition from assimilation to counteraction did not occur until 
mid-adolescence. The rod, however, was not placed in a per- 
fectly vertical position while the body was tilted. Consequently, 
some asymmetrical visual stimulation was always present, making 
dominance by visual stimulation possible. It may well be that 
our planned experimentation will yield results similar to those of 
Wapner and Werner. Whether or not this relatively late differen- 
tiation of visual and muscular stimulation effects is related to 
higher cognitive functioning remains to be seen. 


Intelligence and perceptual development 


Despite the fact that a number of workers in the field subscribe 
to the existence of a general intelligence factor, it is a truism to 
state that behavior labeled as intelligent is multifaceted and 
multidetermined. With this truism firmly in mind, I propose to 
deal with only one facet of intelligence—that which is concerned 
with the integration of information received by the sensory 
apparatus over short periods of time. Temporal integration is 
Hearnshaw’s term. He defines it as “the formation of contempo- 
raneous patterns of action and meaning when the units from 
which these patterns are constituted are serially ordered and in 
temporal succession” (Hearnshaw, 1956, p. 5). His examples 
deal with a series of visual presentations of verbal or configura- 
tional material whose variation within the series can be pre- 
dicted only by keeping in mind their past relationship to one 
another and to the present. 

From Hearnshaw’s description, it might appear that two main 
variables are involved in temporal integration: first, immediate 
memory; and second, a set toward viewing the world as a series of 
successive events that cohere in an ordered pattern. In examining 
these variables, let us now shift our attention from Hearnshaw to 
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Ellis. Ellis (1963) proposed a mechanism to account for the poor 
performance of retardates in tasks that involve sequences of 
events or delays. He suggested that sensory activity leaves an 
immediate stimulus trace that persists for a short period and that 
influences subsequent behavior. The poor performance of the 
retardate is supposedly due to a failure to register stimulus traces 
adequately. In other words, short-term memory is impaired. For 
Ellis, then, the establishment of the stimulus trace depends upon 
prior stimulation in interaction with some aspect of intelligence. 
Although this position takes adequate account of the first variable 
believed to be involved in temporal integration, immediate 
memory, it does not handle the other. 

However, let us examine two perceptual studies by Spitz and 
Blackman (1958, 1959) in which retardates and normals were 
compared. We find that these groups did not differ with respect 
to the magnitude of a simultaneously presented geometrical illu- 
sion (Mueller-Lyer), but that the retardates showed significantly 
smaller figural aftereffects when the inspection (IF) and test 
figures (TF) were presented sequentially. Presumably, the fail- 
ure of retardates to exhibit larger figural aftereffects is due to 
their inability to register adequate stimulus traces of IF as it 
appears at the end of the fixation period. 

As a consequence of such an explanation, one could predict 
that as normal children grow older, they will report figural after- 
effects more frequently under an inspection condition of short 
duration. As indicated earlier, this is 
(Pollack, 1960), but between ages four 
aftereffects decreases. Obviously anothe 
earlier age levels. Most probably, persistence of stimulus activity 
is greater in younger children, so that their so-called aftereffects 
are produced by a simultaneous contrast between an afterimage 
of IF and TF, rather than by a comparison between TF and a 
trace of IF. Therefore, stimulus duration must be taken into 
account in examining phenomena involving physical succession, 
especially in younger children. 

Let us consider the other proposed variable underlying tem- 
poral integration, or a set toward viewing the world as a series of 
Successive events. A study comparing normal achievers and low 
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achievers in a lower-class Negro school in Chicago is currently 
being conducted at the Institute for Juvenile Research. A social 
anthropologist, Daniel Scheinfeld, working on the project has, on 
the basis of his observations, adopted the viewpoint that those 
who are below average in their school performance tend to treat 
each new occurrence as isolated from the past rather than to 
organize their world as a sequence of events. This observation 
suggests that the middle-class mode of viewing the world in 
terms of temporal succession is not universal in American culture. 
Indeed, the lower-class Negro child may receive no reinforce- 
ment in his home environment for sequencing .his life. Some 
experimental evidence for class differences in perception of se- 
quences can be found in a paper by Birch, Belmont, and Karp 
(1965). They demonstrated that with long time intervals, audi- 
tory time errors were similar for middle- and lower-class groups. 
With short intervals, however, the lower-class group showed 
positive rather than negative time errors. It seems possible that 
the instructions, which directed an unfamiliar focusing upon 
prior stimulation, led to exaggeration of the first stimulus for the 
lower-class group, adding factors other than stimulus trace alone 
to the second stimulus. 

If perceptual development itself is now considered in its rela- 
tion to intelligence, confrontation with the work and theories of 
Piaget is unavoidable. Piaget and his co-workers, dealing largely 
with illusions, developed a typology of phenomena based initially 
on changes in illusion magnitude as a function of increasing 
chronological age. Mechanisms for the various sequences were 
developed, resulting in a theory that is attached as an appen- 
dage to Piaget’s general theory of cognitive development. Per- 
ceptual theory looks like an appendage because perception itself 
is accorded second-class citizenship in the population of psycho- 
logical activities (Piaget, 1958). Its continued bondage to on- 
going stimulation and its dependence upon such external factors 
as stimulus configuration, renders perception inferior to the lofty 
cognitive operations that employ manipulable schema. 

Essentially, Piaget divides perceptual phenomena into three 
types: Type I phenomena, typified by standard simultaneously- 
presented geometrical illusions that decline in their effect as age 
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increases; Type II phenomena, typified by illusions whose parts 
are presented in succession or in different sense modalities and 
that increase with increasing age; and Type III phenomena, 
similar to Type IT except that they increase with age to a point 
and then decline. According to Piaget, there are two ways of 
perceiving, and these tend to be related to two determinants of 
percepts. The ontogenetically earlier type is called centration, 
which refers to looking at a visual display in toto, in a single 
glance. It ranges from fixation to close inspection of spatially 
adjacent areas. Things centrated upon are usually overestimated. 
The second type of perceiving is called decentration and involves 
successive looking, or successive centrations, usually upon vari- 
ous parts of a display. When centration is dominant, the major 
determinant of perception is what Piaget calls “field forces,” or 
more familiarly, configuration. As the child grows older, decen- 
tration becomes dominant and perception becomes a matter of 
“perceptual regulations” in which various parts of the display are 
isolated in successive centrations and compared with one an- 
other. “Perceptual regulation,” 
which is implied to be innate, 
intelligent behavior, 


The stimuli for Type I phenomena are presented in such a 
way that centration is favored, thus making distortions greater in 
magnitude at earlier age levels. With age, the child becomes 
more accurate in his perception precisely because he decentrates 
more and more and makes successive comparisons of the parts of 
the figure. He also isolates inducing lines from comparison lines 
in illusions (e.g. Mueller-Lyer). There is some evidence that the 
number of eye movements and their directedness increase with 
chronological age (Piaget & Vinh-Bang, 1961). 

Type II phenomena are usually presented in such a way that 
perception must occur by decentration. That is, parts of the total 
display are presented successively, as in the Usnadze effect 
(Piaget & Lambercier, 1944), or in different sense modalities. 
Since such phenomena are produced by comparison itself, they 
appear less noticeable at earlier age levels and increase steadily 
with age. It is interesting to note that 
perception of this t 
older. 


in contrast with pure perception, 
are given the status of low-level 


, almost paradoxically, 
ype becomes less accurate as the child grows 
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Type III phenomena represent more complicated shifts in 
modes of perceiving that involve alternation of perceptual regu- 
lations and will not be discussed here. 

As can be readily seen, Piaget provides a single mechanism— 
the introduction of perceptual regulations accompaning decen- 
tration—to account for ontogenetic changes. Furthermore, the 
mechanism is developmental in nature; that is, a higher order of 
functioning replaces a lower order. The higher order is said to be 
related to intelligence. Finally, the demonstration of ontogenetic 
changes appears to require that time be allowed for eye move- 
ments so as to permit the appropriate decentrations. 

From Hearnshaw, we see that the mode of perceiving events 
in sequence provides patterns whereby the immediate past 
affects the present. Ellis fleshes out temporal integration with a 
hypothetical construct, the stimulus trace, providing a vehicle 
for the continuity that Hearnshaw postulates. Piaget, with his 
notion of decentration, adds the attention factor, which allows 
for succession even with repeated exposures of the same stimulus 
configuration and thus provides a means for isolating and com- 
paring different parts of the perceptual field. I believe that we 
now have a framework for investigating the development of 
cognitive intelligence through perception. 

There are advantages to such a perceptual approach, the 
greatest of which is the fact that it is amenable to controlled 
laboratory experimentation. Both stimuli and responses can be 
defined with relatively more precision, independent of external 
extraneous influences and under fixed background conditions. 
There are no effects of specific content experience, no specific 
skills required, and nothing that resembles a test or school work, 
for example. In addition, should it be shown that temporal inte- 
gration is an ability necessary to the success of cognitive func- 
tioning, perceptual situations offer a precise, efficient mode of 
intervention designed to develop the ability to integrate informa- 
tion over time. 

Once the basic work on ontogenetic perceptual changes is 
completed, application of the above gross and tentative theoreti- 
cal structure will begin. One step will be a study to determine 
just what aspects of the tasks in our tests of intelligence correlate 
with the magnitude of Type I phenomena. Presumably, highest 
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correlations will be obtained for tasks that involve temporal 
sequencing, like number series and series that require that a 
relationship be kept in mind while two cognitive stimuli are 
compared, as in analogies. Another step will be the introduction 
of perceptual sequential experience in which young children are 
required to make comparative judgments of size, for example, 
with interstimulus intervals gradually increased. The object of 
such intervention is to note the occurrence of transfer to tradi- 
tional Type II phenomena to see whether the normal ontogenetic 
trend can be accelerated and with what degree of permanence. 
If positive results are obtained, the effects of sequencing experi- 
ence on more abstract cognitive tasks will be studied. 

Despite its low probability of success, the manipulation of 
perceptual experience through precise variation of experimen- 
tally controlled stimulus conditions to influence so-called higher- 
level cognitive activities is a most exciting prospect. Three as- 
pects of temporal integration were discussed above. The present 
approach is directed neither toward the registration of stimulus 
traces, which may depend primarily on biochemistry, nor toward 
the basic capacity to make successive comparisons, but rather 
toward the set to view the world sequentially. In Piaget’s terms, 
the object of intervention would be to convert centrators into 
decentrators by manipulating the ontogenetic course of percep- 
tion. As mentioned earlier, world view may be conditioned by 
such all-pervasive complicating factors as ethnic and social class 
variables. Some of these will be described in the next section. 


Ethnic and social class factors 


Earlier we discussed the transition from Type I to Type Il 
processes (Pollack, 1960, 1966c), and the idea of temporal inte- 
gration was set forth to show the perception-intelligence rela- 
tionship. Both topics raise a number of “what if” questions, What 
if early stimulus persistence is a necessary precursor of the next 
developmentally more complex process? What if deprivation of 
intense stimulation, and therefore lessened stimul 


ue us persistence, 
occurs in certain individuals? 
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Let us keep these questions in mind as we look at background 
material from cross-cultural studies. Segall, Campbell, and Her- 
skovitz (1963, 1966) studied responses to some of the geometric 
illusions, comparing white Northwestern University students and 
white South Africans with members of 13 other societies. In the 
case of the Mueller-Lyer illusion and the Sander parallelogram 
—both primary illusions—the non-European groups showed less 
susceptibility, smaller illusions. They found, however, that the 
children of these groups generally experienced larger illusions 
than their elders, showing the same ontogenetic pattern as Euro- 
pean groups. Since the differences among groups were explained 
in terms of a lack of experience in a carpentered environment 
with its rectangular cues to perspective, the age trends are 
mystifying to say the least. The fact that all of the non-European 
groups had more darkly pigmented skins seems to have evoked 
no notice. 

When once asked to comment on these results, I mentioned 
that physical factors might well provide alternative hypotheses 
to learning experience. In the course of my examination, I rated 
the non-European groups on the basis of nearness to the equator, 
amount of sunshine, and density of forest cover, and found an 
inverse correlation between these as a complex and the magni- 
tude of illusion. No such result has come from a correlation of 
carpentering with magnitude. The latest piece of nonconfirma- 
tory evidence comes from Jahoda (1966) who studied three 
Ghanian groups and found that although one group had a con- 
siderably more carpentered environment than the other two, this 
group exhibited the same small illusion magnitudes. 

At this point, psychophysical work by Wald (1945), Ishak 
(1952a, 1952b), Fitzpatrick (1964), and Eckardt (1966) be- 
comes quite relevant. Wald, working with aphakic eyes, found 
that blue and violet light was absorbed by the yellow macular 
pigment, thus reducing sensitivity in the central area of the 
retina—the area of clearest form perception. Wald found that up 
to 6o percent of the light of wave length 430-490 nanometers 
incident on the retina was absorbed. Ishak found, first, that 
macular pigmentation was darker in Egyptians than in English- 
men and other Europeans, and second, that visual sensitivity in 
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the Egyptians, especially in the green and blue spectral areas, 
was deficient when compared with the standard visual sensitivity 
curve. 

Fitzpatrick (1964) worked with white American subjects who 
were rated on the depth of their macular pigmentations with an 
ophthalmoscope. Five of the most lightly pigmented subjects 
were compared with five of the darkest with respect to thresh- 
olds for lights of various wave lengths. A significant difference in 
sensitivity of .2 log units to blue light was found in favor of the 
lightly pigmented subjects. Finally, Eckardt (1966) found a 
significant mean decrement in sensitivity to blue and violet light 
in five Negro subjects as compared with five white subjects. 
These findings raised more “what if” questions. What if skin 
pigmentation and retinal pigmentation are strongly correlated? 
What if deeper retinal pigmentation reduces sensitivity to pat- 
terned stimuli and reduces stimulus persistence? What if the 
developmental shift to trace integration in such individuals is 
delayed because stimulus-persistence experience is less intense? 
Let us look at the results of two preliminary experiments (Silvar 
& Pollack, 1967; Pollack & Silvar, 1967). 

An experienced ophthalmologist examined the maculae of 14 
Negro and 26 white children ranging in age from eight to thir- 
teen and residing in one of Chicago’s few integrated middle-class 
suburbs. Retinal pigmentation—yellow—was rated at the mac- 
ulae on a four-point scale from very dark to very light. It can be 
seen from Table 1 that the results were as expected. Collapsing 


Table 1 Macular Pigmentation Ratings by Race 


Light Dark 
ee, 
1/1 1/2 2/1 2/2 
Negro 0 1 9 4 
Caucasian 7 17 2 0 


a o 
the extreme categories to permit chi-square analysis statistically 
demonstrated the obvious. Next, all of the Negroes and 21 of the 
whites were examined to discover the magnitude of the Mueller- 
Lyer illusion under bluish illumination (see Fig. 17). The re- 
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sults, again, were surprisingly clear. The children with darkly 
pigmented maculae had a mean illusion magnitude significantly 
smaller than those with light pigmentation. Biserial correlation 
yielded a coefficient of —.745. Certainly, these results are uncon- 
taminated by any factor of cultural diversity, especially with 
respect to a carpentered environment. 


Figure 17 Portion of Mueller-Lyer figure presented tachistoscopically in blue 
light. 


On the basis of these two very rough preliminary experiments, 
two of the “what if” questions seem to have been answered in 
the affirmative. The others will be examined as soon as my exper- 
imental schedule permits. 

The results of the above experiments make clear the direction 
of future research. First a study comparing Negro and white 
subjects using illusion figures articulated solely in terms of hue 
contrast across a range of colors will be carried out. Second, 
stimulus persistence, using afterimage duration as the dependent 
variable, will be studied as a function of retinal pigmentation, 
age, and social class. Third, methods to correlate skin pigmenta- 
tion with retinal pigmentation will be sought. The general pat- 
tern of future experimentation and the expected results are pre- 
sented in Table 2. 

If pigment differences are a factor in perceptual development, 
they can be remedied in educational experience as easily as 
acuity defects and color blindness, either by altering the hues of 
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Table 2 Experimental Plan and Expectations in Studying Class and 
Ethnic Differences 


PHENOMENON TRANSITION 


CLASS TYPE I TYPE II FROM I TO II 

Middle-class white Normal Normal Normal 

Middle-class Negro Smaller magnitude Normal Possible delay 
with short-wave due to lowered 
stimuli intensity and 


persistence of 
short-wave 


stimuli 
Lower-class white | Normal Decrement due Decrement due 
to lack of set to lack of set 
to view world to view world 
sequentially sequentially 
Lower-class Negro Smaller magnitude Decrement due Delay due to 
with short-wave to lack of set lack of set to 
stimuli to view world view world se- 
sequentially quentially and 


lowered intensity 
and persistence 
of short-wave 
stimuli 
EE À _ —_ _ _ _ 


the stimuli or by increasing their contrast levels. Class differences 
due to differing world views will be much harder to reduce. The 
research and theoretical prospects, however, are exciting and 
will be followed up, I hope with vigor and enthusiasm, even 
though one must entertain some doubts concerning the durabil- 


ity of the preliminary theoretical framework set forth in this 
chapter. 


Summary 


A study of the literature has led the author to conclude that 
there are two processes underlying age changes in perception. 
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One of these involves a progressive loss of receptor sensitivity 
due to physiological aging. This process is essentially nondevel- 
opmental because it involves neither a differentiation nor an 
integration of sensory and cognitive functions. The other process 
is developmental in that the age changes are related to central 
cognitive functions which have differentiated and appear to have 
become integrated in a complex fashion. 

Those phenomena showing nondevelopmental age changes 
(Type I) are not correlated with intellectual ability, but appear 
to be related directly to receptor efficiency in responding to 
stimulus variables such as intensity, contrast, duration, and 
orientation. When the phenomena under study are illusions, age 
changes reflect a shift in the direction of smaller illusions, but 
the improved “accuracy” appears to be merely a by-product of a 
decline in receptor sensitivity. 

Those phenomena showing developmental age changes (Type 
II) are correlated with intellectual ability and are not so closely 
related to classical stimulus variation. When the Type II phe- 
nomena studied are illusions, there is an apparently paradoxical 
progression toward greater illusion magnitudes as age increases. 
Presentation of such phenomena usually involves a sequence of 
discrete stimulus events which the subject registers as traces which 
are then centrally compared and contrasted. Thus, the illusion is 
produced by the appropriate sequencing of certain qualities of 
stimulus events designed to maximize contrast and produce an 
illusory distortion. The better able the subject is to register and 
integrate traces, and to view his world as a sequence of related 
events, the larger his “error” will be. The mechanism that is 
highly adaptive for complex cognitive activity appears to be 
paradoxically maladaptive in perception. 

The viewpoint expressed here is in essential agreement with 
that of Piaget with respect to Type II phenomena, with perhaps 
greater emphasis on the relationship to intellectual functioning 
than Piaget would be willing to assume. There is complete 
disagreement with respect to age changes in Type I phenomena. 
Piaget places his emphasis on change due to successive compari- 
son of parts of a simultaneously-presented stimulus complex 
(decentration) designed to break down the effects of single- 
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glance viewing (centration) of a configuration. The current 
study on the effects of psychophysical variables suggests to the 
author that the condition of the receptor system, and thus its 
sensitivity, is a more important variable. If these physical factors 
are predominant, a single-process theory accounting for all age 
changes in perception is untenable. 

An ongoing research program designed to isolate Type I phe- 
nomena, to find the point of transition from Type I to Type II 
phenomena, and to study the nature of trace integration in Type 
IT phenomena, has been described in some detail. The impor- 
tance of such complicating variables as social class and race have 
been discussed in light of preliminary research, and an outline of 
future research has been presented. 
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Stimulus and Cognitive Transformation 
in Conservation 


HARRY BEILIN 


Adult behavior and thought have provided the principal sources 
for understanding the nature of the “real” world since only in 
adulthood is a sophisticated characterization of natural phenom- 
ena possible. Analyses of mature behavior and thought might 
have been expected, as a consequence, to have resulted by now 
in a cohesive and verifiable conception of human cognition. This 
is far from the case. An undue concentration on adult thinking, 
reasoning and problem solving has resulted in only limited yields 
from what should be a rich soil. The relatively recent work of 
Piaget and his associates has changed that. Just as the contrast 
between preliterate and literate societies provided social anthro- 
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pologists with a significant intellectual instrument for the analy- 
sis of sophisticated social behavior and organization, so has the 
contrast between the child’s knowledge and that of the adult’s, as 
presented by the Genevans, provided a significant analytic in- 
strument for the understanding of human cognition. One of the 
striking instances of this is provided by the study of conserva- 
tion. The young child’s conservation capacities stand in such 
contrast to those of the older child’s and adult’s that research 
investigations throughout the world have been stimulated into 
an attempt to elucidate their nature. The very considerable in- 
terest in the phenomenon, aside from its novelty and incongruity, 
is that it appears to offer some important possibilities for under- 
standing the general character of cognition and cognitive devel- 
opment. 

As a starting point, conservation may be said to involve the 
ability to retain one of a series of physical concepts in the face of 
the transformation of elements related to that concept. The 
“area” concept for example, to be conserved requires mainte- 
nance of the concept (i.e. area remains invariant) while a 
related attribute, the physical pattern, is transformed, although 
the total area itself remains the same. In direct response to 
reality, particularly where reality is a highly industrialized world 
with almost constant activity and change, the development of 
invariant concepts may have considerable adaptive significance. 
As Piaget implies (Piaget, 1952), a highly developed technology 
can evolve only with the ability to conserve since most rational 
thought is dependent upon it. 

If it is granted that conservation represents the development 
of a conceptual phenomenon that is at least in some ways 
unique, it is an open question as to whether the processes by 
which it develops are unique or are those of general concept 
formation. Some of my own research relates to the nature of the 
processes required in conservation and will be reviewed here for 
its bearing upon cognitive development. 
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Experimental method in the study of conservation 


Methodological problems have been recognized as a major diffi- 
culty for research on cognition. Piaget, for one, has been vigor- 
ously reproached for his research methods, but in one important 
sense, unfairly. The formal and empirical discoveries produced 
from his research are not likely to have been possible at this time 
without this particular style of data collection. The “clinical 
method” with its open-ended, pragmatic and exploratory quality 
superimposed upon an experimental attitude, permits the pursuit 
of suggestive and intriguing leads from the child’s behavior. At 
the same time, it cannot be denied that the method has its limi- 
tations, particularly in the degree to which one may make causal 
inferences from data so obtained. The general lack of experimen- 
tal control associated with the varying nature of interrogation, 
the method's asset as an exploratory device, is its greatest 
liability for making psychological generalizations. My own deci- 
sion to use experimental methods where possible was based upon 
the desire to limit the use of language where such use could con- 
found the study of other processes, as well as for the usual 
controls upon the operation of irrelevant variables. A further and 
equally important reason was the conviction that experimental 
methods do not of necessity preclude the use of exploratory 
methods. At the end of an experimental trial series, it is usually 
possible to include an interrogation that permits the collection of 
verbal (phenomenal) reports unless of course additional experi- 
mental tasks are to follow. One important difficulty with experi- 
mental methods, however, is that they do not always permit the 
development of adequate analogues to the “clinical” procedures. 
Conservation problems are an example in that there are ready 
analogues for some kinds of conservation but not others. An in- 
direct analogue may also provide a different kind of information 
from one that is direct, principally because different processes 
may be tapped by such indirect methods. This is relevant to the 
present discussion, for in seeking an experimental analogue to 
area conservation we were at first surprised by results that were 
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strikingly different from those obtained with experimental ana- 
logues to length and number conservation. The differences, how- 
ever, led us to examine more closely the processes involved in 
conservation. 


Area conservation 


Piaget employed two methods for testing area conservation 
(Piaget, Inhelder, & Szeminska, 1960). In one, the child was 
shown two identical rectangular pieces of green cardboard, 
which were described as “meadows.” A wooden cow was placed 
on each meadow. Houses of identical size and shape were then 
placed one by one on each rectangle and set so that the house 
arrangements were equivalent. The arrangement on one of the 
meadows was then changed and the child was asked whether the 
areas in each were still “the same” (i.e. whether the cow had 
equal amounts of grass to eat in each meadow). The solution 
was based in part upon subtracting smaller congruent areas 
from larger congruent areas. 

In a second method, one of two congruent areas was cut with 
scissors and the severed part moved to another section of the 
figure. The conserving child was identified as the one who 
asserted that the areas were the same, even though the patterns 
looked different as a result of the translocation of a part of the 
figure. 

Our analogue was developed for the second method (Beilin, 
1964). For this purpose equipment, called the Visual Pattern 
Board (VPB), was built consisting of two pieces of apparatus—@ 
display panel and a control box. The display panel contained a 
milk white plexiglass screen laid off in a 12 x 12 matrix of 2 x 2 
inch squares. The squares were separated by black adhesive 
plastic. Behind each plexiglass square was a lamp and each of 
the 144 lamps was connected through a cable to individual con- 
tacts in the control box. With the insertion of a prepatterned 
template it was possible to program various patterns of lighted 
squares against a field of unlighted squares. In this way one 
could present in a reliable fashion either one or more patterns on 
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a single display panel or one could use two VPBs, as we have 
done in most of our studies. We have also found, in an unpub- 
lished study, that a printed pattern series offers a reasonably 
good approximation to results obtained with the VPB. 


The experiments 


EXPERIMENT I 


In our first study (Beilin, 1964) we were interested in con- 
trasting conservation performance with base-line judgments of 
the equality and inequality of area patterns. The usual conserva- 
tion task, as already indicated, requires the judgment that equal- 
ity of areas is maintained in the face of physical transformation. 
Conservation presupposes, however, that a child has an adequate 
concept of equality and inequality. If a child did not conserve, it 
would have to be shown that it was due to some feature other 
than lack of knowledge of equality and inequality (i.e. identity). 
To substantiate this assertion we tested the child with three 
stimulus series. In the equality series, he was shown two patterns 
equal in area whose configurations were the same (in 2x2 and 
3x3 arrangements) as is shown in Figure 1. In another series, 
one which ultimately came to be known as the quasi-conserva- 
tion series for reasons to be described, two patterns equal in area 
were also shown, but the match pattern had a different con- 
figuration from the standard. The areas were to be judged as 
equal even though the patterns were different. It was thus con- 
sidered an analogue of the classic conservation task in that the 
concept of equality had to be achieved in the face of a stimulus 
array that was different in a related attribute. A third series of 
patterns represented area inequality, in that the match pattern 
was either one square larger or smaller than the standard. The 
areas appeared unequal and were unequal. The three stimulus 
sets, then, provided the child with the opportunity to judge the 
equality of two areas that appeared the same and were the same 
(equality), to judge another series that appeared different but 
were in fact the same (quasi-conservation), and still another 
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Figure 1 Standard and match patterns for 2 x 2 and 3x3 groups. Square unit 
X” of standard is systematically rotated around units on periphery 


to make each match pattern. Standard and match constitute a “pattern- 
pair.” (From Beilin, 1964.) 


series in which the pattern-pairs appeared different and were 
different (inequality). 

The children studied ranged in age from a mean of 68.6 months 
to 116.6 months. There was one subsample of middle-class 
kindergarteners (N = 170), but the remainder (N = 146) were 
lower-class children distributed over the kindergarten through 
the fourth grade. 

The data, as represented in Figure 2, show that for the equal- 
ity and inequality judgments in the veridical condition (where 
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areas were what they “appeared”), practically all of the children 
at the kindergarten age were correct when judging 2x2 pat- 
terns (93 percent). They were only slightly less successful with 
the more difficult 3 x 3 patterns, and there was less success with 
the equality (77 percent) than the inequality concept (88 per- 
cent). Compared with these, the quasi-conservation judgments 
were most difficult to make. Very few kindergarten subjects (3.5 
percent) could respond correctly on all trials in a series. By the 
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Figure 2 Percentage of lower-class children giving wholly correct equality 


(9 ) inequality ( W ), categorical ( E ), and quasi-conservation 
(D) responses by grade and by free-standing symbols. (From 


Beilin, 1964.) 


fourth grade only 50 percent succeeded with the 2x2 patterns 
and only 38 percent with the 3 x 3 patterns. The difficulty, then, 
in making quasi-conservation judgments was not based upon an 
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inability to understand the concepts of equality or inequality, or 
their associated verbal labels. 

Judgments were also sought within the inequality series as to 
whether a match pattern was larger or smaller than the standard. 
In this instance there was considerably more confusion than with 
the equality and inequality judgments themselves. Subjects re- 
sponding correctly on 3x3 patterns ranged from 11 percent at 
the kindergarten level to 85 percent at the fourth grade level. 
Although substantial numbers of subjects could judge inequality 
correctly they could not judge the direction of the inequality. 
This was a function either of a lack of knowledge of the class 
characteristics of the terms “larger” and “smaller,” or a confusion 
in labelling, i.e. in assigning the correct verbal label to the judg- 
ment of the relation. It is unlikely that either of these alterna- 
tives is influencing the quasi-conservation judgments, however, 
as is indicated by the disparity in the number of subjects who 
respond correctly in each condition. 


Where the subjects seriously fail, then, is in the condition of 
equality where the appearanc 


servation in lower-class children, even with the “easiest” type of 
conservation (Almy, et al., 1966). In 
47 percent of a second grade samp 
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judged by the child, and then one of the pattern arrangements is 
changed in full view of the subject. In our task the judged areas 
are static. The difference between the classic conservation task 
and ours, which for the sake of differentiation we call a quasi- 
Conservation task, is in the role of the stimulus transformation. It 
seems reasonable to expect that pattern transformation would 
create difficulty for the child since it introduces a change in 
appearance that may be confusing in relation to the judgment 
required. The fact is that, in contrast to the quasi-conservation 
or static condition, transformation in the classic conservation 
case appears to be facilitating judgment of equality. If transfor- 
mation functions in this manner, its nature is still far from clear. 
To determine the source of the inhibited performance in the 
quasi-conservation task and acquire some understanding of the 
role of transformation we undertook a further study. 

In the first investigation (Beilin, 1964), it was inferred that for 
the subject to arrive at a correct judgment of area equality it was 
necessary for him to achieve such a judgment from an infralogi- 
cal analysis of the stimulus data. Taking a cue from the Piaget 
description of the relevant processes in qualitative area measure- 
ment, it was proposed that in the quasi-conservation task, with 
the stimulus materials as we presented them, equality could be 
judged by using either an “iterative or translocative method 
(a variant of the method of superposition). With iteration the 
subject utilizes a count of the boxes in the respective patterns, 
and says in effect, “The number of boxes here is ‘x, and the 
number of boxes here is ‘x,’ therefore they ate equal. ia 
method presupposes that the size of the pre is a = 
bé the same, Even morë primitively, the child need not coun 
but can achieve the same understanding by a ‘onestevone aches 
spondence method, matching box for box. This is a ane ha 
easy method when there are four boxes, it is less easy n T ere 
are nine. The second method, the pat" ear ves : > 
ference of area equality from the recognition that if one o 

ion the patterns would appear 


boxes were moved to another locat i „appear 
i ctive 
equal. The utilization of these strategies requires an a 


subject, one who has reason to invoke them. Considering for the 
a only the older subjects of the first study, we assumed 
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that the majority of those who failed the quasi-conservation task 
did so in spite of having the infralogical strategies or methods of 
solution available to them, but for some reason not using them. 
This assumption was based on the data of other investigators and 
ourselves on the success of younger children in conservation and 
in tasks of qualitative measurement (Beilin & Franklin, 1962). 
We assumed further that the quasi-conservation task by its 
nature would not lead to evoking these strategies, even when the 
experimenter asked a direct question concerning the equality of 
the figures. Instead, some kind of “suspiciousness” or special 


attention was necessary in the subject to trigger these methods 
of analysis. 


EXPERIMENT II 


was designed as a training 
One experimental variable 


that the ability to respond 
adequately in the quasi-conservation task was due to the lack of 


Since the only solution 
study were the iterative 


d aining procedures in the 
second experiment. The principal iterative training method 


(there were two) utilized two patterns made of flat masonite 
blocks that were placed before the child in each trial. He was 
asked to count the number of blocks in each pattern but was not 
asked whether the patterns were equal. For the translocative 
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training method, two patterns were also set before the child, and 
he was instructed to make his pattern look like the E’s by moving 
only one block in the pattern. 

The Ss of this study were mainly lower-middle-class first and 
second grade children (N = 118 in each grade). The study uti- 
lized a pretest-training-posttest design, and the only subjects 
trained were those who did not reach the criterion for successful 
pretest performance. 

The results were clear-cut. Only one posttest group had a sig- 
nificantly greater number of conservers than the control. This 
was the feedback group, where 19 of 33 subjects met the con- 
servation criterion after training, whereas only four of the con- 
trol group of 33 subjects reached the same criterion. This study 
also showed that 97 percent cf the subjects who gave a classifi- 
able verbal report used either an iterative or translocative strat- 
egy. In this study, where only 3 x 3 patterns were used the 
proportion of translocaters to iterators was about two to one. In 
the first study, when 2 x 2 patterns were used the preferred 
strategy was iterative and with 3 x 3 patterns the preferred 
solution strategy was translocative. In the second study, there 
was a significant grade (age) effect, with a larger number of 
conserving subjects in the second grade than the first. 

The results of this experiment confirmed that the basis for 
improved performance was not that the subjects in some way 
had acquired a set of strategies previously unavailable to them, 
but suggested rather that when confronted with the incorrect- 
ness of their prior inferences, Ss began a covert search for the 
appropriate strategy to deal with the perceived stimuli. The 
strategy utilized from among the available alternatives was not 
haphazard, either. It was achieved with some efficiency in that 
the apparently easier way of processing the data was utilized. 
With the more complex (3x3) stimuli the translocative 
method was easier for the child than the iterative method. (We 
have informally observed that adults perform the same way in 
this procedure.) With 2x2 patterns, on the other hand, where 
it is easier to count, the method of choice is the iterative. This 
parsimony in strategy choice is an instance of cognitive efficiency 
and is akin to a principle of least effort. 

It would seem further that utilizing an appropriate strategy is 
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not one in which appropriate ways of analyzing or integrating 
data are automatically employed. An intervening attention or 
orientation process is necessary, although attention or orientation 
alone does not seem to be sufficient for correct judgment either. 
An additional feature, a quality of “suspiciousness” is needed to 
induce the type of analysis evident in the second experiment. 
This process may be identified as analytic-orientation and distin- 
guished from other nonanalytic types of set.° 

Before considering what these data suggest for an understand- 
ing of the process of conservation there were two questions 
which suggested further investigation. 

Is quasi-conservation confined to area invariance or is it asso- 
ciated with other physical attributes? Second, what is the rela- 
tion of conservation to quasi-conservation performance in the 
same subjects? It was necessary to ask this since our prior data 
on conservation and quasi-conservation came f 
groups. To satisfy ourselves on both 
signed to answer both questions. 


rom independent 
points a third study was de- 


EXPERIMENT III 


A technique for the measurement of number quasi-conserva- 
tion was available from a study in which the distinction between 
classic conservation and quasi-conservation was not made 
(Zimiles, 1966). The basic procedure involved the 
of two rows of counters, identified as “dots,” 
against a background of a different color ( 
against a blue background ) 
whether the rows were the s 


presentation 
that were fixed 
ie. white counters 
- The S was required to judge 
ame in number. There were three 
experimental series. One consisted of five stimulus cards. On 
each card there was an unequal number in each row and the 
counters were spaced so that the rows were also unequal in 


° Although analytic-orientation may be related to other kinds of expectancy 
(Gibson, 1941), its distinctive feature is that it is followed by an appropriate 
problem solving or reasoning process. Its operation has the implicit logic of the 
statement “appearance may be deceiving.” 

+ Mr. Edwin Cooperman and Mrs. Marilyn Pelz Coo 


s perman carried out this re- 
search while participating in a graduate seminar at 


Brooklyn College. 
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length, as judged from the beginning to terminal counter. An- 
other five-card set consisted of cards in which there was an 
unequal number of counters in each row, but the beginning and 
terminal counters were aligned so that the lengths they covered 
were equal. Zimiles refers to this type of series as a test of the 
“conservation of inequalities.” The quasi-conservation test series 
utilized ten cards in which the two rows of counters were 
numerically equal, but one row was extended relative to the 
other so that they covered unequal lengths on the card. The 
question asked the subject in each trial was whether the two 
rows had the same or a different number of white “dots.” The 
subject was informed after each response as to whether he was 
correct in his judgment. Prior to the experiment, subjects were 
tested to determine whether they could count to a number equal 
to the maximum number of counters used in the test as well as 
for their ability to respond reliably to questions concerning 
inequality and equality of number in displays of red chips placed 
before them. 

The number conservation task in this study was one used in 
another investigation (Beilin, 1965). The apparatus held three 
rows of red-topped corks. The center row was secured to a 
stretching and contracting frame so that the corks could be made 
to align or misalign with the rows of corks on either side of it. 
There were two parts to a trial. In the first part, the corks in the 
center row (e.g. 6) were aligned with the corks in the row to 
which it was equal in number (i.e. also 6). In aligning it so, it 
was at the same time unequal in number and not aligned with 
the corks in the row on the other side of it (e.g. 4). The subject 
was instructed to identify the row that was “like” the middle one 
by pressing a buzzer-activating-button next to that row. After 
this was done, the center apparatus was then adjusted so that the 
center row became equal in length to the decoy row (i.e. the one 
with 4 corks). The subject was again asked to indicate which 
row was “like” the center row. If he chose the “6” row, the 
choice was presumed to be based upon the use of a number 
concept. If the “4” row was chosen it was presumed to be based 
upon the perceptual alignment of the rows or some other non- 
relevant hypothesis. On the first trial the subject learned from 
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the buzzer reinforcement whether his basis for choice was cor- 
rect. A child who chose incorrectly because he did not equate 
“like” with “in respect to number” could then switch to the cor- 
rect base. A conserver was one who, after the transformation 
from the first part of the trial to the second, consistently chose 
on the basis of number. 

In the study each subject was tested for conservation and 
quasi-conservation ability in both number and area tasks. The 
results confirmed that the conservation tasks were performed 
more successfully than the quasi-conservation tasks. Of 80 sub- 
jects, 26 met criterion (eight of ten trials correct) in the number 
conservation task, 7 in the number quasi-conservation task. On 
the other hand, of the same 80 subjects, 18 met criterion for the 
area conservation task, whereas only 13 did in the area quasi- 
conservation task. The relative difficulty of quasi-conservation is 
seen further from the number tasks for which 16 subjects passed 
the conservation but failed the quasi-conservation task; 2 did the 
reverse. On area, g subjects passed the conservation but failed 
the quasi-conservation task, while 5 did the reverse. The number 
of subjects who passed both area and number tasks in the quasi- 
conservation series was 4, whereas 15 passed both in the con- 
servation series. There were only 2 subjects of the entire sample 
of 80 kindergarteners who passed all four tasks, There is, then, 
much greater convergence in performance on the conservation 
than the quasi-conservation tasks, Transformation in the classic 
conservation task not only leads to better performance (i.e. more 
correct identity judgments) but also provides impetus to invok- 
ing the kinds of strategies that overcome the difficulties repre- 
sented by the different class properties of area and number. 

One issue in regard to which we may offer some data may be 
dealt with parenthetically, namely, the relationship of number 
quasi-conservation to what Zimiles refers to as the “conservation 
of inequalities.” If the latter capacity is a conservation phenom- 
enon as Zimiles implies, it should bear a close relationship to 
quasi-conservation performance as we have tested it—quasi- 
conservation rather than conservation performance, because the 


Zimiles “conservation pictures” contains items in which no trans- 
formation is made. 
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For number judgment in the classic inequality case, the num- 
ber of counters in one row is compared with another which has a 
larger or smaller number, and is laid out so that it appears longer 
or shorter than the standard row. By contrast, in the “conserva- 
tion of inequality” case the rows are unequal in number but are 
laid out so that the beginning and terminal counters were 
aligned and the internal counters equidistantly spaced. Quasi- 
conservation of number is tested in the manner we described for 
the third study. 

In the study we are reporting there were five “classic inequal- 
ity” trials and five “conservation of inequality” trials. The pass 
criterion in each case was four out of five correct. The data show 
that “conservation of inequality” performance is at a point be- 
tween meeting criterion for classic inequality and that for quasi- 
conservation. Twenty of 80 Ss tested who passed the classic 
inequality items failed the other two. Another 20 passed the 
classic inequality plus the conservation inequality but failed the 
quasi-conservation task, and 11 passed all three tasks, while 21 
failed all. Looked at another way, 51 subjects passed the base 
classic inequality items; 31 passed conservation of inequality as 
well as the classic inequality items, and 11 subjects passed all three 
tasks. This clear progression suggests three levels of difficulty, 
which may reflect the function of three different processes. The 
conservation of inequality task is apparently more easy than the 
quasi-conservation task and more difficult than the classic in- 
equality. That conservation of inequality should be more difficult 
than classic inequality is obvious, but why it should be easier to 
solve than the quasi-conservation task is not readily apparent, if 
as a “conservation” task the same type of operations are neces- 
sary. It would be of interest to know whether the same relation- 
ship holds for classic conservation tasks where the transforma- 
tions are made by the experimenter or the subject himself. 


EXPERIMENT IV 


It was an assumption of the second experiment that feedback 
training did not initiate new learning—that it only led to the use 
of problem solving strategies already in the child’s repertoire. To 
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ensure that feedback did not lead to the creation of new 
schemata a further experiment was devised in which the training 
procedures of the second study were used with a younger 
sample, a smaller percentage of whom could be presumed to 
have the appropriate measurement strategies in their reper- 
toires.° 

A pretest-training-posttest design was again used with 60 
kindergarten children in a middle-class school. There were three 
training groups and a control. The training groups, identified by 
treatment procedure, were feedback, ‘translocation, and trans- 
location plus feedback groups. The control received an addi- 
tional repetition of the pretest. The feedback and translocation 
procedures were the same as in the prior study. The translocation 
plus feedback group was a new one to test whether the addition 
of methods would produce a substantial improvement in perfor- 
mance. The criterion for conservation performance was 8 of 10 
quasi-conservation trials, and 8 of 10 inequality trials correct. 
The results indicated that from pretest to posttest only two 
kindergarten subjects became conservers, one in the feedback 
group and one in the feedback plus translocation group. Where 


the number of correct trials are considered, irrespective of 
whether the criterion was reached, the 


only in the feedback group ( 
p<.o5). In spite of this incre 
there was a significant decre 


t these data Suggest is that feedback 
Sorganization for some subjects. For 
es exist. Either, the disorganization 
e utilization of another more appro- 
o disorganization that is nonadaptive 
ndom response. Random response led 


creates a state of response di 
these subjects, two possibliti 
due to feedback leads to th 
priate strategy, or it leads t 
with resulting increased ra 


° Mr. Steven Rubin carried out this research while Participating in a graduate 
seminar at Brooklyn College. 
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to a reduction in accuracy in inequality judgments, which before 
feedback were judged substantially correctly; at the same time it 
led to a slight improvement in equality (conservation) judg- 
ments, which prior to that were judged substantially incorrectly. 
In older children, random response following feedback is more 
likely to be superseded by the use of logical strategies and thus 
to successful performance in both the quasi-conservation and 
inequality tasks. In younger kindergarteners, who apparently do 
not have the strategies available to them, feedback leads to dis- 
organization rather than to the adaptive use of infralogical anal- 
ysis. The reason strategy training does not lead to improved 
performance with the younger subjects may be due to a limita- 
tion in the method of training or to maturational and experiential 
limitations of the subjects. 

That infralogical strategies are used to achieve correct quasi- 
conservation performance gets confirmation from the $’s verbal 
reports. Practically all older children who were conservers were 
able to verbalize the use of a strategy. A further finding, seen 
also in the prior experiment, was that a number of subjects (four 
on pretest, eight on posttest) reported the use of an iterative or 
translocative strategy but were unable to use it successfully in 
actual performance. Other research (Beilin, 1965) has shown 
that although verbal rule-instruction methods may lead to supe- 
rior conservation performance than is achieved through the use 
of nonverbal and nonrule training methods, the presence of a 
verbal rule whether generated spontaneously by the subject or 
provided to him through an experimental procedure will not 
ensure correct conservation performance. Some other “elements,” 
in addition to strategy or infralogical operation availability, are 
apparently necessary for conservation. The now extensive liter- 
ature on training and instruction in conservation has not led to a 
clear identification of what these elements or processes may be. 


Conservation and quasi-conservation 
Piaget makes the sweeping assertion that conservation is a neces- 


sary condition for all rational activity. The origin of conservation 
abilities was previously related by Piaget to the (primitive) per- 
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ceptual schema of the permanent object. A recent statement 
(Piaget, 1968) which summarizes new work on the development 
of identity and also serves to refute Bruner’s (1966) position vis- 
a-vis the place of identity in conservation, modifies this view. 
The new view is that the schema of the permanent object is 
associated not with conservation but with identity. It is seen as 
an instance of the dissociation of permanent from variable 
qualities. He describes further a developmental sequence for 
knowledge of identity in which preoperative identity, which 
deals with single qualitative invariants, yields to an intermediate 
stage, which in turn evolves into operative identity. Operative 
identity is the only kind of identity that acts in conjunction with 
the operations of conservation. Piaget still holds that reversible 
operations represent the key elements in conservation. Conserva- 
tion is achievable only through “reversibility by inversion” (a 
return to the original condition) or “reversibility by reciprocity 
or compensation.” 

Since conservation by definition for Piaget involves quantita- 
tive invariants, conservation is not possible without a composi- 


tion of certain transpositions (i.e, quantitative variations that 
take the form of compensations 


the same amount), or of an 


when poured from one vessel Di arar 
that the quantity of the w ged. Piaget criticizes 
not employing the proper con- 
emphasis in Piagets view of 


In accounting for the 
t in the face of object 


» particularly when such concepts are 
ultimately associated with identity. 


There is a related philosophic problem in establishing the 
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logical meaning of identity. In conservation studies the assump- 
tion is usually made, often as a starting point, that the child is 
capable of “knowing” the nature of an identity. This is usually 
tested by having him report that two objects which “appear” the 
same “are” the same. These responses are made as a rule to ques- 
tions about the “amount” of clay, the “number” of dolls, or the 
“lengths” of string. Since conservation involves the maintenance 
of an identity concept, it is implied that the child must have the 
concept prior to being able to maintain it under specifiable con- 
ditions. Logically, to assert an identity means that one can state 
the proposition “if and only if ‘p, then ‘p’” (the law of identity). 
Such a statement is predicated upon a clear delineation of the 
category “p.” Assume that “p” is “area,” then establishing the 
truth of the statement that two areas are identical or that one 
area is identical to itself requires that one is able to delineate the 
defining properties of the term “area.” ° If, on the other hand, 
one were referring to “this object” rather than “this area,” the 
definition could be more primitive. An ostensive definition 
achieved through “pointing” to the object could be sufficient, 
since it could be reasonably assumed that the connection be- 
tween the operation of pointing and the reference term would be 
understood by everyone. 

When one is dealing with a conceptual term such as “area” or 
“number” an ostensive definition is not sufficient. Unless we are 
treating area as “this object” the difficulty in defining area in 
logical terms may not be any more simple than that in defining 
number. Recall the historical difficulty in defining number, a 
difficulty that Piaget at least holds was not solved by Russell, 
who defined it in set or class terms independent of the notion of 
order or position and predicated it upon the use of a one-to-one 
correspondence method of measurement. The fact that Piaget 
argues that the Russell definition of number is not logically 
adequate only points up the complexity of knowing how to 
establish logical identities, particularly when the identity is other 
than that of an object to itself. To make logical statements of 


°I am not implying, of course, that the child has to be able to state these 
propositions. 


428 RESEARCH PERSPECTIVES 


identity requires a lexicon of conceptual terms such as “number,” 
“area,” or “object” and a syntax for relating these terms. When 
the terms used in logical statements are those of a common 
language many difficulties are likely to arise from ambiguities 
acquired through extensive usage. This is the case with the terms 
“identical” and “same” when dealt with as common language 
terms. In the common language “identical” is equated with 
“same.” The use of both terms is primarily adjectival. They are 
usually used in relation to the attributes or properties of things 
and states, so that we may properly say, “they are the same 
amount,” or “the same length,” or “the same in length” with the 
implication that “amount” and “length” are also definable in 
common language terms. Even i 
ever, these terms are of a different type from those represented 
by such statements as “this is the same object that I saw before,” 
or “this is the same object he is talking about.” 

Although the question of whe 
an object without referring to it 
would still appear that both in 


n the common language, how- 


ther one can make reference to 
S properties is a difficult one, it 

common language and in logical 
terms one can make a distinction between the conceptual use of 
“identical” and “same.” 


nd » and a more primitive notion of these. 
While the distinction is beig made between primitive identity 


and identity related to the use of abstract conceptual terms there 


se n identity is intimately associ- 
ated with the definition of concept” itself. The notion of identity 


as in the case of illusions. Things 
from one time to another when 
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added or taken away from an object or situation. This is not an 
infallible criterion either, as is clear from the example of dough 
used in baking bread which may change (“rise”) although noth- 
ing has been added or taken away from the dough. Finally, 
things are said to be the same when people agree they are the 
same. Here the object or its character is compared with a 
common standard held by different persons. This use is charac- 
teristic of those conditions where judgments are esthetic or atti- 
tudinal and where precise definition is not possible, but where 
the introduction of “merely” counting or using another common 
standard may sometimes be of help in making a judgment. In 
connection with these common-sense definitions of identical and 
same, the psychological question is one of determining what 
processes make such judgments possible in conditions when “it 
appears so,” “when nothing is added or taken away,” and when 
one, for example, “merely” counts. As already noted, Piaget’s 
evidence supports the view that two processes make it possible 
for a child to maintain quantitative invariants, or to put it an- 
other way, to make the inference of identity. These operations 
are “reversibility by inversion” and “reversibility by reciprocity 
of compensation,” the latter requiring a process of logical 
multiplication. 

The difficulty in being able to conserve is related to one of the 
common-sense criteria for establishing an identity. The tendency 
to ascribe identity on the basis of things “appearing the same” 
leads to difficulty because one attribute, usually a visually salient 
one, does not appear the same (and in fact is not) when the 
object is transformed. In the condition to which conservation 
refers, one attribute is transformed and the other is not. The one 
that is changed is related to some obvious physical property (i.e. 
form, location). The attribute that is invariant is usually a 
conceptual attribute (mass, volume, number) and a higher order 
concept than the dimensional attribute that undergoes change 
(e.g. length, width). Although the dimensions that undergo 
change are also identifiably conceptual, they have a perceptual 
component which is “immediately” experienced. The judgment 
of identity of the conceptual attribute that is conserved, how- 
ever, must be inferred from more primitive data. Although there 
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is a primitive perceptual identity associated with the constancy 
of the object, this concept of identity is not of the same type or 
order as the inferred identity associated with the conceptual 
attribute, and it is to this latter class that Piaget’s conservation 
ability refers. While it may be easy for a child to respond to the 
perceptually changing attribute, he may be quite incapable at 
the same time of responding to the conceptual identity. The 
difficulty in conservation is the difficulty in thinking at the level 
of these abstract concepts and employing inference or concept 
forming processes related to them. In Piaget’s terms it would be 
related to the ability to employ the appropriate reversible 
operations, 

On logical grounds alone, then, with conservation defined in 
conceptual terms, a perceptually based identity could not be the 
only necessary condition to conceptual invariance, Although it is 
Piaget’s contention that the ability to arrive at the conservation 
inference is possible only through the utilization of reversibility 
and logical multiplication operations, 
(Bruner et al., 1966) 
possible to maintain 


not appear any different, 
nothing-substracted notion 
possible to induce conserva 
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ing children a verbal rule for conservation as we have done 
(Beilin, 1965). In this instance the child has a model, an algo- 
rithm in effect, for solving a conservation problem. There is little 
assurance, however, that the achievements made through the use 
of such algorithmic (or screening) methods are conceptual in 
nature or require the use of an appropriate inference-generating 
system. 

In fact, the evidence seems to suggest they are not, except for 
a minority of subjects. A number of investigators have attempted 
to test whether the infralogical inference-producing processes, 
such as compensatory and inversion reversibility are necessary 
for conservation. Without an extensive review of these studies 
here, one could reasonably claim that the results, as they point 
to the necessity of the two Piaget schemata, are equivocal. Nei- 
ther compensatory training nor reversibility training invariably 
leads to conservation (although the latter, in some studies, seems 
to be more efficacious). Training through verbal procedures em- 
bodying rules which directly embody neither reversibility nor 
compensation, but only the common-sense criteria mentioned 
above, may also lead to conservation (Beilin, 1965), but it is 
questionable whether what is achieved is true conservation. 

What we hold, in essence then, is that the problem in conser- 
vation is not with the “identity concept” but with conceptually 
represented physical attributes which entail identity. The diffi- 
culty for the child is one associated with the lack of appropriate 
inference-generating equipment necessary to making appropriate 
infralogical judgments. 

The experimental data presented in this paper have relevance 
to the sufficiency of conservation operations and the role of cer- 
tain situational elements. Transformation is obviously an integral 
part of what is meant by conservation. The function of transfor- 
mation has previously been given little attention, however. Since 
concept invariance must occur “in the face of” object transforma- 
tion, there has been a tendency to interpret transformation as an 
impediment to invariance. In one sense this is true, for without 
the transformation’s being carried out it would not be possible to 
differentiate those who can from those who cannot conserve. 
Involving transformation in the maintenance of a conceptual 
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identity extends the psychological meaning of such invariance 
concepts, however. It implies that truly having such a concept 
entails the ability to maintain it in the face of conditions that 
suggest a lack of the concept. Some concepts may logically entail 
this condition, but it is not clear that all do. “Number” is an 
example where it may, if one accepts the Russell interpretation 
of the logical status of the number concept. With number (as a 
class or set) based upon a one-to-one correspondence method, 


and the assumption explicitly made that the order or transforma- 
tion of the elements of the set 


any area is equal to more than one 
width). If the logical status of these 


The child ostensibly has ( 
identity, at least a primitive one 
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identical (or that the object transformed is no longer identical to 
the one he saw before), and he would be right since they are no 
longer identical in appearance. If the child is asked, “Are they 
the same?” the question is ambiguous since “the same” can apply 
to both the attribute changed and the attribute that has not 
changed. 

When we specify the conceptual attribute (for example, area) 
either by labeling it or through a reinforcement procedure which 
provides equivalent information (as is done in Beilin, 1965), 
then the child is forced to attend to the conceptual attribute. To 
make a judgment of identity in these circumstances requires 
some kind of cognitive “apparatus” to permit this induction. 
Leaving aside the specifications of this apparatus, it is clear from 
the data that mere possession of it is not sufficient to ensure that 
a conservation judgment will be made. Some kind of triggering 
or initiating mechanism is necessary to set these operations into 
motion. To account for our data we posit the existence of an 
analytic-set that activates the individuals cognitive apparatus 
and permits him to analyze the information inhering in the 
stimulus events. This set keeps the individual on the alert for 
particular kinds of information, and permits the stimulus trans- 
formation to activate solution strategies (or schemata) already 
available to the child. 

Invoking these solution strategies makes it possible for the 
child to produce two inferences, one related to the attribute that 
changes, one to the attribute that is invariant. The character of 
the question asked the child determines which of the attributes 
is “chosen.” If the relevant solution strategies are available to a 
child, then it is highly likely that the conserving response can be 
experimentally produced through activating these processes. In 
the case of area quasi-conservation, where a translocative or itera- 
tive strategy is in the child’s repertoire, triggering can be 
achieved through the use of a feedback procedure that makes 
clear to the subject the inadequacy of his common-sense non- 
identity inference. Achieving the identity concept is possible 
also, as previously indicated, by the Bruner-Frank shielding 


procedure. | 
If, however, the child has no schemata or solution strategies to 
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invoke, when the distracting elements are once again made 
evident, the judgment falters, as is the case with the Bruner- 
Frank four-year-old Ss and even with a number of older ones. 
When feedback was administered to younger children in the 
quasi-conservation task, no increase in conservation was evident 
either, supporting the conclusion that an analytic-set is in itself 
not sufficient for conservation and that some inference- 
generating procedure is required. That a number of Ss in our 
studies were able to show through their verbalizations that these 
inference strategies were available to them and yet were unable 
to succeed in their use suggests that verbal strategies in them- 
selves are nct sufficient for conservation. It was shown further 


that even combined analytic-set and strategy training in young 
children was not sufficient to induce c 
If this latter finding is sufficientl 


nize that the apparently “simple” conservation phenomenon is 
still far from being completely accounted for without recourse to 
explanations of genetic programing. 

The role of transformation in the studies reviewed here re- 
quires differentiation of two significant aspects of transformation, 
stimulus transformation and cognitive transformation. Although 
the child in natural learning situations comes to respond to a 
variety of stimulus transformations that create conservation 
problems for him, he may or may not use the stimulus transfor- 


mation as a cue for ideational transformation, that is, perform a 
backward or reverse transformation of t 


he stimulus to the origi- 
nal state or use the transformation as the cue for logical multipli- 
cation. The quasi-conservation experiments suggest that there 
may be a variety of real-life Situations in which no stimulus 
transformation occurs but where, analogous to the classic invari- 
ance case, an identity concept must be achieved even though the 
appearance of stimulus elements sugg 


est nonidentity. 
Such is the case where two patterns ( 


arrays) appear different with respect to one of their attributes. 
The form or pattern of the array differs while, at the same time, 
they are identical in a conceptual attribute. A potential response 
conflict exists involving the choice bet 


ween an inference of 
“different” (nonidentity), and that of “same” (identity) in a 


onversation performance. 
y reliable then we must recog- 


i.e. areas or number 
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manner analogous to the classic invariance task. In this static 
condition one cannot ask how the stimulus “might have been” 
since it never “was.” No recourse to reversibility is possible, but 
an analogous process does exist, that of “forward transformation” 
in which the patterns can be ideationally rearranged in anticipa- 
tion of an actual or hypothetical rearrangement. 

Forward transtormation is a more significant type of transfor- 
mation than reverse transformation since it is the basis of many 
kinds of problem solving. It is apparently more difficult to ini- 
tiate, however, than backward or reverse transformation. Carry- 
ing out the forward transformation in the quasi-conservation 
problem becomes the basis for generating an idéntity inference. 
The forward transformation inevitably means involving a com- 
pensation procedure with the dimensions of length and width 
and so the transformation is inextricably involved with logical 
multiplication. In our experimental procedure the dimensions 
were made discontinuous as a result of partitioning of stimulus 
patterns. The partitioning led to the possibility of using a more 
primitive counting procedure as the basis for making an infer- 
ence of identity, a situation that did not exist in continuous area 
conservation. As was seen, however, when the number of “boxes” 
became large for the child, as in the 3 x 3 patterns, he moved to 
the use of the translocational procedure if such a strategy were 
available to him. 

Successful response in the quasi-conservation task is much 
more difficult than in the classic conservation task. The difference, 
as we have suggested, highlights the role of the analytic-set 
which triggers an internal transformation process that gives rise 
to some kind of conflict among inferences. No conflict exists on 
the stimulus side of the equation per se. Conflict results only 
from the subject’s disposition to analyze the data of his experi- 
ence in such a way as to generate inferences which are in conflict 
because of their logical incompatibility (i.e. “the objects cannot 
be both identical and nonidentical at the same time”). 

In regard to the analytic-set, it is more reasonable to assert 
that the child must first be able to recognize the possibility of a 
problem than that the child thinks only in response to problems. 
To avoid the obvious difficulty of an infinite regress (in explain- 
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ing the analytic-set only on the basis of having encountered prior 
problems, and so on) one need only posit that the child learns 
certain logical rules prior to encountering problems or learns 
such rules in response to problems that are programmed for him 
by adults. The rule that two objects cannot be both same and 
different at the same time with regard to a single property would 
seem to require such learning. The likelihood of a child’s achiev- 
ing such an insight solely through his own actions in relation to 
objects seems slight. It is much more likely that they are learned 
through adult intervention. At the same time it must be granted 
that adult provision of verbal rules is not always as successful as 
learning rules by other means. An example is provided in a study 
of children’s inferences about water levels (reflecting an under- 
standing of horizontality and gravity) in which incorrect perfor- 
mance was more easily corrected by a confrontation with visual 
reality than by a verbal statement of the water level principle 
(Beilin, Kagan, & Rabinowitz, 1966). This suggests that verbal 
rule learning is not necessarily the only basis for acquiring ap- 
propriate analytic-sets, In this experiment, however, learning the 
tule was achieved through a type of adult programming, and 
there is no assurance that a similar achievement would occur 
ence. 


ing to dynamic object 
and another class of 
quired in the face of 
ntity and where the 


r class may be identi- 
te invariance, 
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Problems in Research on 
Culture and Thought 


JACQUELINE J. GOODNOW 


When we consider intellectual growth or style in different cul- 
bras Le are confronted by three requirements. We need to 
of dal by combining results from several studies, some picture 
skills i common to people from many backgrounds, as well as 
to Bed . differentiate among them. At the same time, we need 
4 e features of milieu that may account for the similari- 

es and differences in skills. And finally, the thorniest require- 
ment of all, we have to ask as we transpose à task from one cul- 
ture to another, whether the same answer means the same thing 
in both worlds. 


| For each of these requirements there 
rial, some of it in recent milieu studies, 


is interesting new mate- 
and some of it in studies 


E take this opportunity to express again my appreciation of several stimulating 
iscussions with Bärbel Inhelder, Magali Bovet, and Mimi Sinclair, discussions 
often marked on my part by surprise and on theirs by a warm-hearted tolerance 
for the things I might have known but did not. They are not responsible for any 
rs | errors in my grasp Of Piaget’s position. To Magali Bovet, in particular, 

am indebted for many prepublication details of her continuing work with Al- 
gerian children, and for an especially happy exchange of ideas about milieu 
effects. All references to her work are based on this personal communication. 
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of how the child arrives at various answers on Piagetian tasks, 
regardless of milieu. I should like to draw some of this material 
together and to show that for each requirement the work of 
Piaget and his colleagues is invaluable, both directly and as a 
powerful source of ideas, extending and challenging our knowl- 
edge of how we come to think as we do. 

We may begin by grasping the thorn, asking about the com- 
parability of results from persons with varying backgrounds. 


Transposing tasks and comparing answers 


Any time we take a task from one culture to another, we must 
look as closely as possible at what the task demands 
the subject’s answer may mean. We m 
stimuli or the response we ask for, always hoping the task will 
remain the same. And even if we make no changes in the original 
procedure, we may be surprised by new definitions of the task or 
new ways of solving the problem. In fact, many of the persons 
who have had to deal with cross-cultural material end by feeling 
that the greatest deterrent and the greatest reward in milieu 


studies consists in discovering what lies behind the subject’s 
response (Wallace, 196s). 


Either to ada 
make progress 


and what 
ay need to change the 
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other or with those made by Genevan children. By comparability 
I mean not simply a difference in the way a task is given, but a 
difference in the way the several groups of children arte at 
their answers. Differences of the latter kind are the significant 
ones. They enlarge our understanding of a task, and they offer 
some very useful pointers on where the cultural differences may 
lie. Before we take these steps, however, we have to know how 
one goes about comparing one answer with another or one basis 
for an answer with another. 

What, for example, are the several bases or routes by which a 
child may give a judgment of equality on a conservation task? 
Conservation of liquids will provide a specific instance. A child 
pours two equal amounts of water into two unidentical glasses so 
that the water levels are different from one another. He says, 
when we ask him, that the amount of water is still the same in 
each glass. Is this answer based on simply remembering that the 
two amounts were equal before, paying no heed to the differ- 
ences in water level? Is it based on the child’s own act of pour- 
ing, on the feeling in his hands of having poured out all the 


amounts of it? Is it based on a grasp of a general 


water or equal 
not only that the 


principle, a grasp that allows the child to know 
amount remains the same but also why it remains the same? In 
another vein, what features of the experimental situation make a 
difference? Is the answer the same if we obtain it in a situation 
where the child does not see the uneven water levels or where 


someone else does the pouring? 


One of the advantages to usin 
Studies is that questions like these have already been given a 


great deal of thought, both in Geneva and in other centers. In 
fact, it is rare to find so much material on ways of determining 
the basis for response and for distinguishing one kind of response 
from another. Moreover, the methods, and the distinctions drawn, 
hold for a wide variety of tasks, so that one does not have to shift 
rationale with every change in task. There is a drawback, how- 


ever. There is as yet no simple and readily available statement of 
one kind of answer with 


what the criteria are for comparing 
another, This is a serious drawback. It makes it very easy for 
misunderstandings to occur about the comparability of results. 


g Piagetian tasks for milieu 
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And it makes many of the task procedures seem rather arbitrary, 
when in fact they are meaningfully built around various criteria 
for determining the basis of an answer. 

Eventually we may expect to see from Geneva a full statement 
of the critical procedures for various tasks and the critical differ- 
ences among answers. Certainly, the written material on such 
points is beginning to accumulate, although in a scattered form 
(Leone & Bovet, 1966; Inhelder et al., 1966; Smedslund, 1963). 
As Elkind (1967) comments in another context, however, much 
of what is written in Geneva is, or was, written for an audience 
that already had direct contact with work at Geneva. In such a 
setting, the need for a set of written rules and cautions is not 
obvious. The stress falls instead on direct training in the use and 
interpretation of tasks. 
Before a full statement or the opportunity for training is avail- 
able, what can we determine about the differences among an- 


swers that are critical from Piaget’s point of view? 
the differences we need to 


with Genevan results. ) 
the distinctions that ar 
array, however, I have 


(These are 
know if we are to compare our results 
This is not the place to try to cover all 
e drawn. Out of the large and ingenious 
chosen three. These three are particularly 


f the effects of milieu or of 
ence and training. They are 


the distinctions that many 
own versions of his tasks, w 
same way. 


special experi- 
all the more significant for not being 
of us who use Piaget’s tasks, or our 
ould make first or would make in the 


The three differences among answers are as follows: 

1. Differences in the extent to which an 
specific situation, as a 
several situations. 

2. Differences in the extent to 


answer is tied to a 


gainst having a general base and applying to 


which a judgment needs some 
perceptual prop. 
3. Differences in the child’s use of “thought” and “action” in 
arriving at a judgment. 


The procedures and problems rel 
tions are discussed here in the kind 
the Piagetian tasks had been develo 
a background of equivalence, discri 


ated to these three distinc- 
of language one might use if 
ped away from Geneva, from 
mination, or learning studies. 
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This language, I am aware, does not always fit well with the 
language that would be used in Geneva. My aim, however, is not 
to attempt an account of the Genevan position in its own terms. 
Rather, it is to describe, in terms more familiar to experimental 
psychologists, why some Genevan task designs and task proce- 
dures take the form they do; to describe, in effect, the Genevan 


analysis of responses from the outside. 


DIFFERENCES IN THE GENERALITY OF A JUDGMENT 


In Genevan work, there is often the statement that one impor- 
tant way of distinguishing among answers is in terms of whether 
or not the judgment can be transferred to other stimuli (Leone & 
Bovet, 1966). What kind of transfer, and to what other stimuli? 
When we ask these questions, we find that Genevan forms of 
transfer have some special features. First, there are several ways 
to check the generality or specificity of judgment. I have found it 
helpful to separate these from one another. , 

1. Will the behavior hold up if we use the same kind of task 
and the same material, and simply extend the range of forms this 
material may take? In testing for conservation of ue for 
example, one may always use clay but ina ir eee 
pancake, sausage, halves, or many small pieces—rather than rely 
ona ‘hange in shape. o. 

Hig p eE ee i extended to other material, within the 
same kind of task? Within a task for conservation of amount, for 
example, one may shift from clay to liquids, or from continuous 


to dis i erial such as beads. 
RSR maren ality are ones that would 


Up to this point, the checks on gener They die common 
be familiar in any experimental en a! nd aria 
Ways of asking whether a judgment is base on gm A pe 
ple or on a highly specific stimulus situation. liye 
check, however, the Genevan position aie shoal les? Ts it 

3. Is the judgment based on some ii F3 = compen- 
based on a grasp of such principles as reversibility 


ild to meet the 
i i i -ample, for the child 
Sation? It is possible, for examp hi dette ae 


second criterion but not to have à & t of cl 
of cla 
ing with clay, for instance, he may know that the amoun y 
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remains the same after a change into a sausage shape but may 
not know that this is because a change in one property, the 
length of the piece, is compensated for by a change in another, 
the thickness of the piece. Such a gap is most likely to appear if 
we ask the child to carry out a “spontaneous composition,” to 
make, for example, a piece of clay that would be longer but still 
have the same amount as the original. The child may fail this 
task but still be able to say that the amounts remain the same in 
the standard procedure for a conservation task. Or he may be 
able to carry out the composition task but still maintain that the 
amounts are unequal in the usual conserv 
discrepancies in what the child can do ha 
wonder whether compensation is a necessa 
judgments (Bruner et al., 1966 ) 
cies prompt the argument that 


ation procedure. Such 
ve prompted Bruner to 
ry basis for conservation 
. In Geneva, the same discrepan- 
conservation judgments by defini- 
tion are based on a grasp of compensation. Without such a grasp, 
the child makes a judgment of equality, but does not make the 
conservation judgment that the tasks, in their role as indices of 
operational thought, were initially designed to measure (In- 
helder et al., 1966). 

4. Can the judgment be extended to other kinds of task? Such 
extensions can be used as another check on whether the child’s 
judgment is based on some particular principles, on the opera- 
tions that form a structure d'ensemble. Kohnstamm, for example, 
has used a form of training for the class inclusion task that re- 
ase in the number of correct answers. This 
ed in the face of a change of stimuli, a 


nters, and a period of weeks (Kohnstamm, 
1963). But, Leone and Bovet point out, what i 


strated is a transfer to any other task 
ple) that demands the sam 


increase is maintain 
change in experime 


s not demon- 


the same as those classed 
“as fully operational on Genevan standards, 


Why should we distinguish among 
generality? The simplest reason is that ‘ 
sounds like a procedure we all know 
special meanings in Genevan usage. 


these several checks on 
‘transfer to other stimuli” 
well. In fact, it has some 
As these Meanings become 
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clearer, we shall run less risk of working at crosspurposes and of 
finding that results obtained in Geneva and outside of Geneva 


are regarded as not comparable. 


DIFFERENCES IN THE NEED FOR STIMULUS SUPPORT 


Closely allied to the dimension of generality-specificity is a 
dimension in terms of the need for some perceptual prop, some 
facilitation situationelle, to use a term from Leone and Bovet 
(1966). In a general sense, both dimensions refer to the extent to 
which the child can arrive at a correct answer only if the stimu- 
lus situation is structured in a certain Way, either because he first 
learned to make this kind of judgment with that kind of situa- 
tion, or because the arrangement of the stimuli somehow sug- 
gests the correct answer, or because the physical presence and 
arrangement of stimuli make it possible for him to solve the 
problem on an intuitive or perceptual basis rather than a logical 
one. Facilitation situationelle appears to be predominantly a 


concern with the latter two possibilities. 
To explore the child’s reliance on perceptual props and the 
Possibility of a “perceptual” solution, there are three commonly 


used techniques: exceeding the perceptual span, changing the 
perceptual availability of a cn ae eee up any match 
etween tal and logical relationships. 

In Se ae p= stimuli are objects, = they are 
multiplied so that they exceed the child's Lael ep or 
Perceptual span. In testing for conservation of liqni à s a 
ple, the child may be able to say that an origina am F 
water remains the same when it is poured into tivo: sma a 
because he can almost see in his mind’s eye the pot fe pr 

ack into one. The same child may well have diffculty if the 
original amount is poured into six small cal anit weston 

The second technique is tO change the rnin 
Of the stimulus. We may simply shift from 0 = a A 
we may screen the child from some part of the stimulus. 


i 4 the child may be 
i i ries, for example, may ` 
k for construction of a se geg a + oda 


allowed first to complete a series Y \ 
the sticks he has ddr placed and the sticks yet to be placed. 
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As a check on his grasp of the idea of a series and his ability to 
dispense with perceptual guidelines, he may be asked to hand 
sticks to the experimenter, so that the experimenter may make 
the series. In such a case, the child sees only the sticks yet to be 
placed, the experimenter keeping his sticks behind a screen. 

The final technique is the most provocative. The aim is to 
leave the stimuli in full view, but to av 
dence between the perceptual 
any classification task, for exa 
placed in the same logical class 
procedure is widely used in 
uniquely, the stimuli in Pi 
lead away from the logical 
contain a “phenomenal tr 


oid any simple correspon- 
and the logical relationships. In 
mple, instances that are to be 
will be spatially separate. Such a 
any experimental work. More 
agetian tasks are often designed to 
relationship or the correct answer, to 
ap” (Morf, 1962) or “contrary cue” 


is a major differ- 
an approaches to Piage- 


nd the ratio of irrelevant 
design a task so that the answer 


use an immature mode of thought, to make 
mpered use is characteris- 
judge two lines as equal if they begin or 
s for judgment is tapped by 
> Or like this, —— and asking if 


ment of lines like this, 
example, for conservation of length), 


> 


Moreover, the processes 


T e 
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involved in overcoming the two kinds of difficulty are regarded 
as different in kind and in the course of development. In a sense, 
such a distinction is to be expected from a theory that draws a 
sharp line between perception and thought, but it is an easy dis- 
tinction to miss when one works from a background that draws a 
less sharp line. 

Finally, the importance attached to “contrary cues” can be 
sharply seen in some special uses of terms. In the classic con- 
servation task, the child may be asked to predict whether the 
two amounts of water will be the same if the water is poured 
into two unidentical glasses. But these judgments, made before 
exposure to the diverging water levels, are referred to as “antici- 
pation” judgments, and not “conservation” judgments (Inhelder, 
1965). Similarly, the term “transmission” has been used rather 
than “conservation” when the child observes a gradual rather 
than a swift change in a critical property like water level (In- 
helder & Piaget, 1963). à n 

Why the Genevan insistence on “contrary cues as a critical or 
necessary way of distinguishing among judgments? er ed: 
tendency to give them a smaller role in American studies je 
of the answer lies in saying that “contrary cues” are a ie 
making sure a preoperational level of thought is not i en for 
an operational level. In this respect, contrary cues have the same 

i i van work, safeguards such 
unction as other safeguards in Genevan , Sal gant 
aS suggesting to the child that his correct answer 1s 5 


i In 
: i answer be stable over time. 
anding that a correct a 


American studies, the more important error r it ud ot 
APPosite type, namely calling 5 weak a to be particularly 
thought not that kind at all. This error 1s y ah cee ii 


important when one is asking how far P pme 
Proved by special training. 
concern 
But the difference in approach ppan apm eai "Piagetian 
with different kinds of error. First of all, a ngth or stability 
Work a tie between “type of thought” and $ dele I am always 
Of thought” that does not occur in Poe Me me 
à a 
surprised, for example, to find w resisting counter- 


- es 
ot strength—overcoming contrary CU E ed as les 
Suggestion, or remaining stable over time 
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type, as measures of whether a certain judgment is based on an 
operational structure or not. The closest I can come to feeling at 
ease with such an inference is to think of Piaget’s underlying 
model of thought as like a network, scaffolding, or geodesic con- 
struction that, as the last piece locks in, acquires a sturdiness it 
did not have before and at the same time a form and a set of 
interrelationships it did not have before. From such a model, it is 
easier to understand an inference from strength to type and an 
insistence that tasks should be designed to test the strength or 
stability of a judgment. The same inference does not come e 
if one has in mind a model more lik 
growth, always the same plant 
strength and number of branches. 

Behind the differences in task design there is as well a differ- 
ence in ideas as to how development takes place and what the 
critical sources of difficulty are. Braine, for example, has urged 
the development of simpler and nonverbal forms of Piagetian 
tasks, on the grounds that we need to see what the child is capa- 
ble of when he does not have to cope with verbal terms and mis- 
leading cues. The original and the changed tasks will not be 
comparable in difficulty level, he argues, but we will have a 
sharper focus on sources of difficulty (Braine, 1962). Such varia- 
tions in tasks are not to date a major feature of Genevan work. It 
is not that variations are lacking. Anticipation judgments on 
conservation tasks, for example, represent a major variation. The 
reason seems to lie more in the feeling that the variations that 
appeal to many American psychologists are often based on an 
unhappy assumption. 

This is the assumption that development proceeds by a grad- 


ual extension of mastery from one stimulus to another, or by the 
gradual dropping out of stimulus su t 
ment may sometimes follow 
Instead, the significant as 


asily 
e a plant at various points of 
even though it increases in 


s between two 
ask for conservation of 
water levels is at odds 


events or two pieces of kno 


liquids, for instance, the evidence of the 
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the significant prods to growth. And the answers that survive or 
resolve this conflict will be the ones that mark a real achieve- 


ment in thought. 


DIFFERENCES IN THE USE OF ACTION 


We have considered so far two differences among judgments, 
and with them a number of points about task procedures. Up to 
this point we have been predominantly concerned with the role 
of stimuli on Piagetian tasks. The final difference concerns the 
child’s response. 


In work with Piagetian tasks, one often finds a concern with 


how the child uses physical activity or ‘action as a Ne of 
information or as a way of working through a problem { ne 
1959). In practice, Genevan procedures seem to contain three 


questions: 

1. Does the solution depe 
of actions? | 

2. Can the problem be solved without recourse to action at 
all? 

3. If it is solved by thought alone, is the thought only repro 
ductive of a past action? 

(1) Reliance on a specific 
criterion often observed in Genev 


when the child is asked to carry out à een lue 
put the laundry on the line, for examp À» ir 


from that in a model or starting from a aan: peia m b : 

Series in an ascending and a descending or¢ nc 

scrambled order of questions from the experim aa a 
(2) Using and dispensing with actions he pe a 

At one level the individual does use P re | ace ra 

things out and observing them before he mes DE a 

the other level the individual can use though > 


zi : of colors, or draw 
in hi bining pairs 0 
Out in his head a system for com a Caire would lsak 


n seeing the changes, — ved to flat. There is an 
at different stages of transition from an op eben 28 
interesting middle ground. This À ® es that it is marked by 
*pproach may be “empirical” in the sens 


nd on using a specific action or series 


action or series of actions is a 
an work. We see it in practice 
a different way, to 
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trial and error and a recourse to haphazard action, but a 
thought may still be “logical” in the sense that the individua 
shows by other actions that he can extend or generalize the 
information he gathered by “empirical” means ( Gréco, 1959). 
(3) Even when a problem is solved by thought alone, is it by 
reproductive thought? Is the solution achieved by direct recall of 
a previous action, by a very limited extrapolation from previous 
action, or by deduction from a general principle? This kind of 
question appears to underlie the Genevan tendency to ask about 
extended situations. The child has seen, for example, the experi- 
menter put six beads in one glass and six in another, 
dropping the beads in the glasses in a one-to-one man 
child may feel quite sure that the number of beads in 
glasses is the same. Will he feel as sure if we ask him how things 
would be if we went on all afternoon, or will he feel that he will 
have to “see”? In a different kind of check, the child may start off 
with stimuli having a known functional tie to one another, eggs 
to eggcups, or flowers to vases, for example, on a correspondence 
task. Will the child show an equal grasp of correspondence if the 
y, two rows of counters? 


carefully 
ner. The 
the two 


many ways of distinguishing 
they, within a milieu and 
Suppose we consider two 
use of action: “do it anothe 
seems more than feasible th 


among answers: how equivalent are 
across milieus? (Piaget, 1959). 
of the demands used to specify the 


at cultures value 


r example, the Ey 


Topean tradition em- 
r “thought alone,” 


phasizes “in the head” o 


More specifically, there are already enough data, especially in 
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7 5 
ete ly ge Rae eng eat a 
from a milieu differentl 4 i Ted fo poanian a i 
Buse Sane ntly schooled fom our own. It is precisely 

aging” skills that seem to differentiate among children 
from several milieus. At the very least, one would like to give 
subjects from other milieus the chance to work out a task by 
more than one means. Children might well be asked, for in- 
stance, to carry out a task both by moving the actual stimuli 
around and by thinking the problem through without actions. By 
allowing for both response forms we may be better able to tell 
whether a poor performance is the result of a difficulty with the 
logical demands of the task or with the particular method 


imposed. 
The trouble is that there is very frequently a relationship 


between a degree of intellectual skill and the ability to use a par- 


ticular kind of response on a task, but the relationship is by no 
where there is a heavy 


Means clear. Even for our own culture, 
stress on verbal skills as higher skills, the relationship is at best 
not simple, a point made by Inhelder and Piaget in discussing 


formal thou ght in adolescence. They ask: 
terize formal thought than 


Whether there is a simpler way to charac fo 

Y referring to the notion of hypothesis or possibility. Now, the most 
Prominent feature of formal thought is that it no longer deals with 
objects directly, but with verbal elements; and at first, we tried to 
Contrast formal and concrete though in terms of this see factor. In 
fact, it is often sufficient to translate a concrete operation into simple 
Propositions and deny the subject the use of manipulable ear mn 
Working out the operation : - : for the problem to become oc le 
before the formal level . . . . However, this is not the whole problem, 
for all verbal thought is not formal and it is possible to s Ca 
reasoning about simple propositions as early as the M es A brie 
Provided that these propositions correspond to sufficiently co 
representations (Inhelder and Piaget, 1958; pp. 251-252). 

Inhelder and Piagets solution to this lack of a p va 
tween a level of thought and the use of words is un 
Might well adopt for milieu studies or for any te jec J hae 
Mguistic skills are poor. Instead of asking forter 7 a LE 
verbal stimuli, they stressed instea the child’s ability to u 
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original, manipulable material to make up new problems or to 
discover new ways of solving the old problem. 


Conclusions 


We have considered three ways of comparing answers on Pia- 
getian tasks, ways regarded as critical in Genevan work and 
likely to be overlooked or read differently from other points of 
view. In what manner, however, are these analyses of answers 
significant for studies of milieu effects? First, we can go only so 
far in studying milieu effects before having to come to terms 
with the problem of whether judgments are truly comparable, 
either in the way the child states or demonstrates them, or in the 
way he arrives at them. In addition, there 
points of relevance. Dependence on a particul 
stimuli or on physically present stimuli, for example, acquires a 
special relevance when we find that children from some milieus 
seem to rely more than others on perceptual guidelines. And 
variations in the use of action sources or action models 


are some specific 
ar arrangement of 


acquire 
special relevance when we find that these seem to be, in some 
groups, highly favored ways of gathering information and keep- 


ing track. Hypotheses such as these 
milieu features that may contribute 
thinking, are our next concern. 


and hypotheses about the 
to the different ways of 


Skills and their background 


What are the skills common to many milieus, and the skills 
differentiating among them? This is the first step in the process 
of matching environmental conditions to different ways of think- 
ing. 


By and large, milieu studies involve so many points of differ- 
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Ego im ha greed of schooling: no school 
g gerian children; West Indian 
Ponte agai and urban, in Vernon's (1965b) work with 

aicans; remote village schools in Peluffo’s (1964, 1965) 
studies of Italian children; little or no school in Goodnow’s 
(1962) work with Hong Kong Chinese, and little or no school in 
Sigel and Mermelstein’s (1965) study of American Negro chil- 
dren from Prince Edward County, Virginia. 

First, these studies provide a common result: some tasks are 
more affected than others by a departure from urban, Western 
schooling. With this result, we may begin to shift from a concept 
of overall lags in development to a concept of differential vulner- 
ability among tasks. Furthermore, there is some consistency in 


the tasks that are more and less affected. Conservation of 
among the less affected or 


amount, for example, is consistently 

unaffected, and conservation of weight is almost as sturdy. From 
this kind of consistency, we may begin to draw hypotheses about 
common and differentiating skills. 

1. The more vulnerable tasks may be those requiring words, 
drawings, visual imagery—in general, some kind of nonmotor 
representation. This kind of hypothesis has been suggested by 
Sigel and Mermelstein and by Vernon. It will account for the 
weaker performance of children with poor schooling on the 
verbal class-inclusion task used by Sigel and Mermelstein, on 
many of the Piagetian “imaging” tasks used by Vernon, and on 
the combinatorial tasks used by Goodnow and by Peluffo (tasks 


that requi : blem in one’s head). 
quire working out a pro em in one S 
Very clearly, this kind of hypothesis is only at the beginning 


stage. It demands that we look more closely at ~ wee a 
representational skills.” Happily, à massive attack is De? g 
re is the work on images 


on thi 
Te à nage s Piaget & Inhelder, 1966a, b). In 
A work on differences 


mentales (Inhelder, 1963, 19> x's (1964) 

h i i : 

e United States, there is bne ie representations, and 
an be, symbols. 


tenn enactive, iconic, 
E er’s (1963) argument that move 
nd in England, there is the continuin 
on how tasks requiring different kinds of represe 
Itercorrelated in di Itures. 
in different cu , á 

2. The less eainasiible tasks may be those for which the chi 


nts are, or can 
Vernon (19658, b) 
ntational skills are 


me 
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ther specification, as a neutral state, a measure of what might 
have been if the organism had been left to itself. This is a dan- 
gerous assumption, likely to lead to the idea that all unschooled 
children are alike. In reality, all environments make demands, 
present problems, and reward particular ways of coping. And 
these ways of coping limit or open up other ways of coping. In 
other words, “no schooling” is not a baseline of untroubled 
nature, but the result itself of an active, even if different, form of 
training. 

What happens if we set aside su 
schooling” or “urban schools—rur. 
backwards from the skills that unite and divide various milieus? 
What, for example, is the critical background for skill in the use 


of nonmotor representations such as words, drawings, or complex 
visual images? 


ch variables as “schooling—no 
al schools,” and instead work 


y lie in specific training. Suppes, for 
Aath children and Old Math parents 
may differ in the facility with which they use abstract symbols, a 


e child’s earlier introduction to these 


who teaches, e.g. pee 
to-many interaction, and in terms of wł 


out-of-context. 
e know has some 
“the teacher,” becomes 
mmediate action, Direct 
medium of instruction is 


of schoolchildren on tasks demanding no 


chile à nmotor representations. 
Bruner’s dimensions Open up the possi 


bility of characterizing, 
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with some specificity, learning situations both within and outside 
of school. In time such dimensions may make it possible for us to 
dispense with such variables as “schooling—no schooling,” For 
such a purpose, the dimensions are a major beginning in them- 
selves, and they can be multiplied. Piaget (1954) would point 
out, one expects, that every demand for communication with an- 
other person is a demand for recognizing other perspectives and 
for constructing some representational system, a construction 
that is further encouraged by every goal that is not the solution 
of an immediate and functional problem, and by every conflict 
between items of knowledge that is the right size for the child to 
cope with and work on. Vernon (1965a) would add dimensions at 
least for the extent of self-initiated play, for male dominance, 
and for the general rationality and purposefulness of the home. 

For myself, I would add a dimension for the unity of a child’s 
experience. In many milieus, the child brings to bear on a task 
only a small amount of experience because his experience is in 
fact limited. In others, he brings to bear only a small part of the 
experience he has had, because his experience is fragmented. In 
some Hong Kong schools, for example, children were encouraged 
to look toward the book and the adult as the sole arbiters of 
what many aspects of the world were like. This kind of split left 
them unable to bring their own experience to bear on a task 
defined as a “book” task (Goodnow, 1962). 

In a similar vein, Suchman (1966) asks about the effects on 
mental development of some Koranic schools where the language 
is not the child’s everyday language and where “reading” consists 
of responding to a set of written symbols with a fixed series of 
prayers. Actually, we need not go abroad for examples of split 
experiences, especially splits between life at school and life out- 
side it. We may need to go further afield to find milieus where 
the child’s experiences are all of a piece, where he is encouraged 
to trust his own experience and to bring to bear on a task all that 
he knows. This may be the distinguishing feature of the un- 
Schooled Eskimo groups Vernon ( 1965a) describes as performing 
so well on many tasks. Part of their “training in resourcefulness” 
may lie in encouraging them to make active and full use of all 


their experience. 
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A description of milieu dimensions, however, is only part of 
the problem. The other, and harder, part lies in specifying what 
a particular background does. Fragmented experiences, for ex- 
ample, are easy to describe but, to be fully useful, they need to 
be related to theories about the effects of amounts and kinds of 
learning, either in terms of the role of overlearning, or in terms 
of dimensional preferences, or in terms of growth as the coordi- 
nation of schema. Similarly, we may feel very sympathetic to- 
wards Vernon's hypothesis that independent and constructive 
play affects later skills in controlled visual and spatial imagery. 
But now we must fill in the gap between the activity and the 
imaging skill. Just what does the activity provide? 

On this point, there is a very nice contribution from Piaget’s 
work, namely a distinction among three kinds of familiarity: 
familiarity with certain objects; familiarity with certain opera- 
tions; and familiarity with certain operations as applied to cer- 
tain objects. 

The first and second forms of familiarity are part of the distinc- 
tion between physical and logico-arith 
& Inhelder, 1966). One can well im 
supplied with the same objects, 
encouraged to spend far more t 
making series out of the objects. 

The second and third forms of familiarity underlie questions 
about the tie between a type of judgment and a type of material. 
On the class-inclusion task, for example, children find it easier to 
answer the question—are there more primroses or more flowers? 
—than a similar question about animals, or about brown and 
wooden beads. One reason suggested is that the child has in the 
past put together flowers to make a single group, and this tie 
may be evoked again in the experimental situation, making the 
task easier by providing a concrete referent i 
haps even by simply making the whole task s 
(Inhelder & Piaget, 1964). 

The three forms of familiarity are valuable distinctions for 
milieu studies. One of the major differences, for example, be- 
tween a more and a less technical society may well be familiarity 
with such basic operations as counting and measuring, and many 


metic experience (Piaget 
agine, for example, two groups 
but with one cultural group 
ime counting, grouping, and 


n memory or per- 
eem more feasible 
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differences on specific tasks may stem from a differential use of 
these basic techniques. An example is suggested by Maistriaux 
(1955). He observed that unschooled Africans almost always 
tested the placement of a piece of wood by an attempt at direct 
fit rather than by eye or by an available reference length. From 
such a first-hand approach, with its avoidance of measuring 
against a standard, many handicaps on tasks of construction and 
measurement are bound to follow. 

The other aspect of familiarity crucial for milieu studies is the 
occurrence of ties between operations and objects. Do we test 
only with material where the child has already had some experi- 
ence with this operation as applied to this object? This is the 
case in Price-Williams’s (1962) approach, using for a classifica- 
tion task familiar plant materials, already classed in some ways 
in the course of use and in the course of naming. Results from 
this kind of task are not easy to combine with Genevan results 
when the latter are based on extending the task to material with- 
out such past ties. But, with less schooled subjects, it may be 
precisely the move away from material with known functional 
ties that is difficult. In reading Lovells (1961) description of 
Hyde’s work with children in Aden, for example, what stands out 
is a special response to the class-inclusion task, when the tester 
asks if there are more brown beads or more wooden beads. With 
these children the response is, apparently more often than in the 
controls, one of wondering what wooden beads has to do with 
the question. 

It may well be that one of the first things school children learn 
is that it is feasible or expectable to combine all kinds of material 
even if, on their standards, it makes no great amount of sense. 
The operation of combining comes to be the rewarded activity 
rather than the units combined. More seriously, the response of 
these children illustrates the need in milieu studies to tread a 
fine path between two points. If we do not use material that has 
already some past significance in relation to this task, we may 
never know what the unschooled child can do. But if we stop 
with this material, we may never know how much of his thought 
is replication rather than extension of past experiences. 
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Concluding remarks 


I have indicated some of the ways in which time devoted to 
Piaget is one of the best investments a student of milieu effects 
can make. I would like to end with still another general contribu- 
tion to be gleaned from Piaget’s work. With Bruner (1966) we 
would agree that “there is no ‘standard child,’ and ‘natural child- 
hood’ is hard to imagine outside a cultural context.” What our 
own culture provides is not a norm, but an example of one set of 
skills. Skills, however, may be endlessly listed. We must have a 
way of putting all the things we can do into some kind of order, 


and some of these must be earmarked as more significant than 
others, 


To Piaget, the debt is trem 


endous first of all for pointing out 
significant skills, such as the 


achievements of invariance or con- 
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APPLIED PERSPECTIVES 


The Piagetian System and 
the World of Education 


IRVING E. SIGEL 


The purpose of this Paper is to discuss the relevance of Piaget’s 
system as a conceptual framework for educators in terms of 
identification of the child’s cognitive capability, the creation of 
developmentally based teaching strategies, and the construction 
of a sequential curriculum, Granting that Piaget’s work was not 
developed in the service of education, but rather in the service of 
genetic epistemology, the Piagetian system has considerable sig- 
nificance and relevance for the educator. 

Piaget’s theory is a theory of intelligence, where intelligence is 
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Knowledge of some of the principles of intellectual develop- 
ment from a Piagetian framework would enable the teacher to 
define the level at which children are functioning and thereby 
gear the content and the mode of instruction appropriately. 

Piaget’s theory holds that the acquisition of knowledge comes 
about through different cognitive modalities, at different age 
levels. For teachers this is crucial, since it indicates that knowl- 
edge is not acquired the same way at each developmental level. 
For example, the young preschool child: 


- is not satisfied with speaking, he must needs “play out” what he 
thinks and symbolize his ideas by means of gestures or objects, and 
represent things by imitation, drawing and construction. In short, 
from the point of view of expression itself, the child at the outset is 
still midway between the use of collective signs and that of the indi- 
vidual symbol, both still being necessary, no doubt, but the second 
being much more so in the child than in the adult (Piaget, 1963, p. 
159). 

A second principle is that 
to be a continuous process 
with spurts and plateaus of 


This proposition raises so 


appropriate wholes be discovered in social Studies, for example, 
and sequences established? We shall have occasion to discuss 
this later. 


A third important set of principles for 


the educator relates to 
the role of language. Language, a key 
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point of view. For Piaget, language is the tool by which thoughts 
are expressed, having been preceded by actions which are inter- 
nalized and eventually defined in verbal and symbolic forms. 
Language conveys to the individual an already prepared organi- 
zation of thought, concepts, and relationships. It is not thought, 
since thought can occur without language: 


. the child begins by borrowing from this collection (language ) 
only as much as suits him, remaining disdainfully ignorant of every- 
thing that exceeds his mental level. And again, that which is borrowed 
is assimilated in accordance with his intellectual structure; a word in- 
tended to carry a general concept at first engenders only a half- 
individual, half-socialised pre-concept (the word “bird” thus evokes 
the familiar canary, etc.) (Piaget, 1963, p. 159). 


Social interaction and stimulation is a fourth significant con- 
sideration for the development of intelligence. The school pro- 
vides just such a social context. Piaget, interestingly enough, has 
been criticized for underplaying the role of socialization experi- 
ences as an influence in cognitive growth. Yet he does make 
explicit the significance of social interaction in the development 
of logical thought. He clearly states: 


The human being is immersed right from birth in a social environ- 
ment which affects him just as much as his physical environment. 
Society, even more, in a sense, than the physical environment, changes 
the very structure of the individual, because it not only compels him 
to recognize facts, but also provides him with a ready-made system of 
signs, which modify his thought; it presents him with new values and 
it imposes on him an infinite series of obligations. It is therefore quite 
evident that social life affects intelligence through the three media of 
language (signs), the content of interaction (intellectual values) and 
rules imposed on thought (collective logical or prelogical norms) 
(Piaget, 1963, p. 156). 


The social context furthers children’s learning the meaning of 
cooperation and consequently, objectivity. Initially the child is 
egocentric in thought and deed, but with confrontation from the 
social and physical world, sociocentrism evolves. The initial 


egocentricity, as expressed in thought and language, is explained 
as: 
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. nothing more than a lack of co-ordination, a failure to ey 
relations with other individuals as well as with other objects. There is 
nothing here that is not perfectly natural; the primacy of one’s own 
point of view, like intuitive centralisation, in accordance with the sub- 
jects own action, is merely the expression of an original failure to 
differentiate, of an assimilation that distorts because it is determined 
by the only point of view that is possible at first (Piaget, 1963, p. 

161). 


With confrontation from social agents (peers, teachers, par- 
ents) as well as the inanimate environment, the child acquires an 
objectified view of self and the world around him: 


- . without interchange of thought 
individual would never come to gro 
whole: in this sense, therefore, o 
social life (Piaget, 1963, p. 163) 


and co-operation with others, the 
up his operations into a coherent 
perational grouping presupposes 
That social interaction is essential 


for group logical thought, is 
expressed as: 


tions as well as of individual actions, 


and it thus regains its autonomy at the very core of social life (Piaget, 


1963, p. 164). 


The significance of social lif 
on the conceptualization of 
condition for transition from o 
The difference between a Pi 
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social interaction as a necessary 
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particular age at which particular cognitive behaviors appear. 

Since teaching strategy and curriculum are dependent on the 
educator's awareness of the child’s capacity to deal with mate- 
rial, it is necessary for the teacher to identify the child’s level of 
cognitive functioning. The matching of curriculum and teaching 
strategy to the intellectual level of the child is a tricky issue. It is 
easy to confuse the child’s manifest level of cognitive compe- 
tence with his “true” understanding. For example, just because 
the child uses the word “animal” correctly in everyday contexts 
does not mean he knows or can define the concept. 

Piaget warns us not to confuse the capacity for assimilation of 
new material, which in a sense would be the reiteration of 
words, phrases, and ideas at the level of intuitive thought, with | 
the form they take at the operational level. Intuitive thought, 
which is dominant up to the end of early childhood, is, according 
to Piaget, characterized: 


... by a disequilibrium, still unresolved, between assimilation and 
accommodation. An intuitive relation always results from a “center- 
ing” of thought depending on one’s own action, as opposed to a 
“grouping” of all the relations involved: thus the equivalence between 
two series of objects is recognised only in relation to the act of making 
them correspond, and is lost as soon as this action is replaced by an- 
other. Intuitive thought, therefore, always evinces a distorting egocen- 
tricity, since the relation that is recognised is related to the subject’s 
action and not decentralised into an objective system (Piaget, 1963, p. 
160). 


Children are suggestible at this period, and thereby inclined to 
imitate or copy instead of correcting. This leads to a quasi- 
mechanistic use rather than a natural accommodation. 

A further important consideration in applying these principles 
is the fact the child does not move on all fronts simultaneously. 
The child may be in one stage in one conceptual area and an- 
other in another area. In effect, the rates of growth may vary 
among children as well as for a particular child. The determi- 
nants of these variations are many, such as the biological and 
social experiences of the child (Inhelder, 1965). Empirical sup- 
port for this in regard to conservation of quantity, for example, 
was reported by Uzgiris (1964). 
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In sum, then, I have selected a few Piagetian propositions that 
1 feel are highly relevant for the educational endeavor. These are 
as follows: (1) intellectual development is dependent on con- 
frontations with the social as well as physical environment; (2) 
intellectual development proceeds by orderly invariant se- 
quences (stages) with transitions from stage to stage; (3) acqui- 
sition of new knowledge comes about through appropriate assim- 
ilations and accommodations resulting in equilibrated cognitive 
structure; (4) language is a facilitator varying in significance as 
a function of the developmental level of the child. 


Teaching strategies derived from Piagetian 
conceptualizations 


To this point we have discussed the relevant Piagetian concepts 
to orient the teacher. Now let us turn to the implications and 
applications to the teaching in the classroom. 


Although Piaget offers a number of principles from which to 


derive teaching strategies for each developmental level, I can, in 
this paper, touch on only 


some. Hopefully, the discussion will 
stimulate the reader to follow up with additional specification. 
Ppropriate teaching strategies to be 
gy reflects the teacher’s conception of 
the nature of the learner, If a teacher 


such techniques to effect that goal. 
In addition to the teacher’s con 
strategy can also be influence 
matter. Analyses, for example, 
through classroom interaction 


ception of the learner, teaching 
d by the nature of the subject 


by Aschner (1960), demonstrate 
observations that 
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Defining the teaching situation as involving three factors, 
teacher's conception of the learner, the learning process, and the 
nature of the subject matter, the question remains how are these 
expressed in a teaching technique. For example, Taba, et al., 
discuss the significance of question-asking, just one teaching 
technique, and show how it reflects all three factors: 


. . the questions teachers ask set limits within which students can 
operate and the expectations regarding the level of cognitive opera- 
tions. Questions are the carriers of whatever new cognitive system is 
emerging. Some questions function as invitations to heighten the per- 
formance of certain cognitive operations, while leaving the content 
and the directions of these operations open. Such questions invite in- 
vention, discovery, the creative use of previous knowledge. Others 
Control and limit both the content and nature of cognitive operations 
(Taba, Levine, & Elzey, 1964, p. 177). 


Probably any teaching strategy is the coalition of a number of 
factors expressed in a single act. A major thrust of a teaching 
Strategy is to confront the child with the illogical nature of his 
Point of view. The reason for confrontation is that it is a neces- 
Sary and sufficient requirement for cognitive growth. The shift 
from egocentric to sociocentric thought comes about through 
confrontation with the animate and inanimate environment. 
These forces impinge on the child, inducing disequilibrium. The 
child strives to reconcile the discrepancies and evolves new 
Processes by which to adapt to the new situations. Strategies 
employing confrontations must be consistent with the child’s 
stage of development, because 


- the child can receive valuable information via language or via 
education directed by an adult only if he is in a state where he can 
understand this information. That is, to receive the information he 
must have a structure which enables him to assimilate this information 


(Piaget, 1964a, p. 13, italics ours). 


Confrontation can take a number of forms depending on the 
developmental level of the child. Verbal and/or nonverbal tech- 
niques ranging from questions, demonstrations and/or environ- 
mental manipulations can be employed in the service of confron- 
tation. To be sure, the school is only one source of such experi- 
ence for, 
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. when conversing with his family, the child will at every moment 
see his thoughts approved or contradicted, and he will discover a vast 
world of thought external to himself, which will instruct or impress 
him in various ways. From the point of view of intelligence (which is 
all that concerns us here), he will therefore be led to an ever more in- 
tensive exchange of intellectual values and will be forced to accept an 
ever-increasing number of obligatory truths (ready-made ideas and 
true norms of reasoning) (Piaget, 1963, p. 159). 


On the basis of these considerations, the teacher is in a 
strategic position to influence the child’s school environment. 
The teacher has the freedom to organize the classroom situation 
to express his own conceptualization of the learning situation. 
Creating a facilitating physical 
Piagetian point of view, require 
of the setting. 


and social environment, from a 
s attention to and consideration 


Just as the physical environment is not imposed on developing intel- 
ligence all at once or as a single entity, but in such a way that acquisi- 
tion can be followed step by step as a function of experience, and 
especially as a function of the kinds of assimilation or accommoda- 
tion—varying greatly according to mental level—that govern these 
acquisitions, so the social environment gives rise to interactions be- 
tween the developing individual and his fellow, interactions that differ 


greatly from one another and succeed one another according to defi- 
nite laws (Piaget, 1963, p. 157). 


growth of cognitive structur 


. . » good pedagogy must involve presentin 
in which he himself experiments, in the bro: 
trying things out to see what ha 


lating symbols, posing questions 


g the child with situations 
adest sense of that term— 
ppens, manipulating things, manipu- 
and seeking his own answers, recon- 
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ciling what he finds one time with what he finds at another, compar- 
ing his findings with those of other children (Duckworth, 1964, p. 
2). 

Although physical arrangements in the classsroom may guide 
the child, the verbal interactions with peers and with teachers 
provide additional experiences which foster cognitive growth. 

The use of language and interpretation of language in the 
socioeducational context deserves special attention. The teacher 
must be sensitive to the child’s capacity for assimilating verbal 
language as well as be aware of the relationship between the 
child’s language and his thought. As was alluded to earlier, the 
child’s correct contextual use of a term is not necessarily indica- 
tive of his comprehension of that term or an accurate reflection 
of the child’s ability to understand the logical basis of the con- 
cept. The comprehension depends on the particular stage of the 
child, e.g, sensorimotor, concrete, or formal. For example, a child 
may use such terms as “brother” and “metal” very early. The 
child at the concrete stage as well as the adolescent at the formal 
stage will use the terms correctly. But the comprehension is not 
equivalent. For the concrete-stage child the word brother is 
defined as a boy “who lives in my house.” For the adolescent, 
brother is a relational term defined in terms of kinship and inter- 
relationship. To comprehend the concept of brother in all its 
relational significance requires the child to be able to employ the 
mental operations of reciprocity. Not until the child can deal 
with reciprocal relations can he understand the true nature of 
the concept “brother” since it is a term denoting reciprocal 
relationships. Thus, the limited definition of brother given by 
young children is due to immaturity in cognitive processes not 
just limits of vocabulary. 

Results from the analysis of a task in which children were 
asked to explain such words as “brother” and “animal,” revealed 
that before the fourth and fifth grades children could not define 
brother in terms of a common relationship (Sigel, 1961). 

Another instance demonstrating that language and thought are 
not isomorphic is the following: An eight-year-old girl was pre- 
sented with an array of familiar three-dimensional objects and 
asked to sort them, The child selected a number of items that 
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could be classified under the rubric “tools.” When asked 
rationale for her classification, the child said, “These are a 
metal.” Since I had used this task with a large number of sevet 
and eight-year-old children, and since the term metal” was 
rarely used, I was impressed with her sophistication. I asked her to 
tell me more about the word “metal.” The girl responded, Metal 
is steel.” I asked if there were any other kinds of metal. She said, 
“No.” An involved inquiry followed to determine which metals 
she knew, but to no avail, since for her, steel and metal were 
synonymous. Despite appropriate use in a particular context, her 
concept of metal was different from the adults. 
Quantitative terms pose similar difficulties. 
“more” and “less” are used and a 
young children in their day-to-d 
children were tested to determine if they could identify “more,” 
“same,” and “less” in comparisons involving number, area, and 
length. It was found that these relational concepts were not cor- 
rectly identified in every context (Griffiths, Shantz, & Sigel, 
1967). Knowing “more” in terms of number does not mean the 
child will know “more” in terms of weight or volume. The prob- 
lem is not one of vocabulary but rather of conceptual level, since 
the child has not acquired the mental operations necessary to 
comprehend the terms. The teacher should be guided by the fact 


that the child’s knowledge may be specific to that context and 
not necessarily generalized to others. 
Since the teacher shoul 


value as indicative of his 


Such terms as 
ppear to be understood by 
ay interactions. In one study, 


“clinical method,” which involves appropriate and cautious ques- 
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above all, it is so hard to find the mid 
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often incompatible qualities; he mus 
say, to let the child talk freely, 
his utterance and at the same 
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ard not to be suggestive! And 
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coherence due to absence of any 
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t know how to observe, that is to 
without ever checking or side-tracking 


time, he must constantly be alert for 
- » (Piaget, 1929, P.9). 
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Continuing with the significance of confrontation and guid- 
ance as a means of inducing cognitive growth, let me show how 
some of the work at our Center relates to this issue. We began 
by assuming that the significant classification skills play an 
important role in the development of conservation. Training 
situations were set up in which the child was encouraged to 
label the various object attributes as a preliminary step to con- 
structing, decomposing, and reconstructing of classes, ie. de- 
centration. The child was free to use any one or more criteria for 
defining the classes. The teacher in this case did not superimpose 
class names. Such an opportunity is quite different from the 
usual educational condition in which teachers and parents ac- 
cept and encourage conventional taxonomies. Table 1 illustrates 
this open ended procedure for classification. 

Our current knowledge of children’s classification competence 
stems from studies with children whose history in classification 
experience is actually not known. Risking conjecture, it is likely 
that children employ particular classifications as a result of rein- 
forcement of the usual and conventional. Alternatives are not 
accepted. If children were allowed to build classifications freely 
with all types acceptable, would their repertoire of responses 
expand, thereby extending the quality and quantity of types of 
classifications employed? Thus, such “normative” developmental 
data presented by Sigel (1953) may be interpreted as the degree 
to which the child has absorbed the conventional system, since 
he has had relatively little encouragement to employ alterna- 
tives. 

In addition to the experiential history, classification behaviors 
are contingent upon the material involved. A group of gifted 
children, four-year-olds (IQs over 130), was presented with an 
array of pictures of animals and furniture. With such an array, 
few children grouped all the pictures in a single grouping, and 
never were animal pictures combined with any of the furniture 
ones. When the furniture group was later presented along with a 
group of human figures and no animals, many children combined 
the two groups. Had these children been encouraged to build 
classes by selecting criteria independent of the object, and com- 
bining these criteria, cross-classes might have been built. The 
animal and furniture items may have been combined according 
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to similarities in structure, or function, e.g. horse and chair are 
similar “because you can sit on them, or by structure, each has 
four legs,” or “both useful for man. Abstraction of common 
features of highly diverse objects, while keeping the identity of 
the object in mind, is usually not part of teaching. Conventional 
taxonomies are established and are highly embedded in the 
cognitive system with a priori decisions of “good” or “bad” cate- 
gories, thereby precluding easy establishment of other systems. 
Let me digress briefly here to illustrate. I presented a group of 
teachers with an array of objects (pear, banana, orange) and 
asked them to classify any two of these three on as many bases as 
they could, and asked them to justify why or how they were 
similar. A total of seventeen different reasons were given, ac- 
cepted by the group as correct and comprehensible. Yet, not one 
individual gave more than eight reasons. I asked the group why 
everyone did not give the same number of reasons since each 
person understood every reason. Among the explanations for this 
was that not all the reasons were good, even though correct. 


When asked to express the criteria for “good,” the teachers en- 
gaged in an excited discussio 


teria. A good response was d 
extensitivity; but just as often 
term convention 
“better” 


principle, not being 
It for them to take a 
fication may be “good” in one con- 


not only minimally d 
have over-valued particular response types. 
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If, however, teachers accepted rational alternatives, they could 
facilitate the decentering process by providing children with 
Opportunities to explore and to discover the variety of attributes 
objects possess by teaching them to value multiple class mem- 
bership concepts in contrast to unitary ones, thereby contribut- 
ing to appropriate relative rather than absolute bases for deter- 
mining class membership. Further, objects or events can be 
experienced in broad terms. Might the classes children build not 
be so limited? Might no variations in material be less significant? 
In effect, a more extensive and varied world could open up to the 
child, which he could approach with increased flexibility. (See 
Table 1 for illustration of teaching strategy. ) 


Table 1 Portion of Verbatim Transcript of a Training Session Dealing 
with Multiple Attributes of Objects 


Teacher: Can you tell me what this is, Mary? 


Mary: A banana. 
Teacher: What else can you tell me about it? 
Mary: It’s straight. 
Teacher: Its straight. What else? 
Mary: It has a peel. 
Teacher: It has a peel. . . . Tom, what can you tell me about it? 
Tom: Ummm . .. It has some green on it. 
Teacher: Uh-huh. 
Tom: It has some dark lines on it. 
Teacher: What can you do with it? 

om: You can eat it! 
Teacher: That's right! . . . Now let's see. . . 
Children; . | . I love bananas! 


Teacher; What is this? 

Children: An orange. 

Teacher: Is it really an orange? 

Children: Uh-huh . . . Yes. 

Teacher: Look at it closely. 

Child: It’s an artificial one. 

Teacher: Oh, that’s right, it’s an artificial one 
tell me about it? 


. . . But, what else can you 


Children: You can eat it. . . . It’s round. 
Teacher: Uh-huh. 
Children: . .. Orange. 


Teacher: That's ri 
a : ght! 
Child: It has a stem. 
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i rbatim Transcript of a Training Session Dealing with 
Table: 1 e of Objects (Continued) 
Teacher: Now look at this one . . . What's this? 
Children: An orange. . . - Orange. 
Teacher: And what can you do with it? 
Children: You can eat it . . . and it’s round. 
Teacher: Its round... 
Child: It has a peel . . , 
Teacher: It has a peel. . . Now, look at these two things. Are they the 
same? 
Children: No. 
Teacher: What's different? 
Children: This one . . - This one here is Pressed in on the side a little 
. this one is lighter, 
Teacher: Do you know what this really is? This is a tangerine . . . and 
this is an orange. Now, tell me in what ways they are alike. 
Children: This is smaller and that’s bigger. 
Teacher; I said, “In what Way are they alike?” 
Children: They are both round . .. they both have a stem .. . both 
orange. 
Teacher: They both have a stem, both round, both orange. Anything else 
alike about them? 
Child: They're both fat. 
Teacher: Uh-huh. What can you do with them? 
Children: We can eat them . . , 
Teacher: We can eat them . . . Now, tell me, what’s the same about all 
these things? 
Child: These are round, but this isn’t, 
Teacher: I said, what is the same about them, not what's different about 
them, 
Children: They're both round . . . they're round . . . they’re round . . . 
and they are both artificial, 
Teacher: They're all artificial, and . . - are they all round? 
Child: 0. 
Teacher: What about the banana? 
Child: It’s straight. 
Teacher: But... tell me something else that’s the same about all of 
these things, 
Child: - . They have + all have a peel 
Teacher: That's right, too, but what can you do with all of them? 
Children: You can eat them! 
Teacher: Thaťs right! That’s the same about every one of them. Do you 
have a name for all of them? 
Children: Yes! 
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Teacher: 
Child: 
Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Children: 


Teacher: 


Child: 
Teacher: 


Children: 


Teacher: 
Tom: 
Teacher: 
Tom À 
Teacher: 
Gail: 
Teacher: 
Gail: 
Teacher: 
J ohn: 
Teacher: 


John: 
Teacher: 
Mary: 
Teacher: 


What? 

A banana. 

A banana? No . . . is there something that you can call all of 
them? 

Fruit . . . fruit! 

And what's the same about all fruit? 

They are all round except bananas. 

No . . . why do you call all of these things fruit? 

Because you can eat them. 

You can eat them. 

And they are food. 

And they are food. If I had a piece of bread here, would that 


be fruit too? 


No. 

Why not? 

Because it is not sweet . . . not round... 

Because it is not sweet. I think that’s a good reason . . . and 
you eat bread too? 

Yes. 

But it is still not fruit . . . right? 

Yes. 

Now, can you tell me again what this isP We talked about it 
yesterday. 

A pencil. 


What else can you tell me about it? 
you said you were going to put itin . .. 


Its round . .. 
. Tom, what is this? 


That's right... ah. . 
Chalk. 

What else can you tell me about it? 

It’s white. 

Gail, tell me what's the same about these two things? 
They are both round. 

What else? 

-»« Ummm .. . 

John, tell me what’s the same about these two things? 


. . . both write. 

That’s right! There are two things that are the same about it. 
Tell me what they are. 

Well . . . I don’t know. 

What are they Mary? 

They're round and they write. 

Very good! 
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The technique described in Table 1 was employed in a series 
of studies that started with the hypothesis that encouragement of 
decentration would contribute to the child’s emancipation from 
conventional functional fixedness, thereby facilitating solution of 
conservation problems, since success in conservation appears to 
be related to decentration. The first studies utilizing this tech- 
nique of multiple classification also employed seriation and re- 
versibility exercises. The children who underwent this training 
were able to solve a number of conser 
lems (Sigel, Roeper, & Hooper, 1966). 

From the data acquired in another 
operations (multiplicative rel 
reversibility) and conservati 


vation of quantity prob- 


study of the relations of 
ations, multiplicative classification, 


on of quantity (substance, weight, 
and volume), the best predictor of conservation was the ability 


to deal with multiplicative classification problems,® Conse- 
quently Carolyn Shantz and I undertook a study examining the 
import of classification on conservation of substance, length and 
area. Preliminary results with a sample of four-year-olds indi- 
cated that 33 percent of the children in the experimental groups 


were conservers on posttesting, while none of the controls was 
able to conserve. 

In effect, we “induced the function of advanced structures at 
an age when the child did not utilize it voluntarily” (Szeminska, 
1965, p. 51). 


Is not the employment of induction techniques contraindi- 
cated by Piagetian theory? The result: 
to the invariant sequence of cognitive 
studies are compatible in that 


° The report of these data is being prepared by Hooper. Sigel 
t These are results of the pilot research for a study that culminated in the Shantz 
and Sigel report, “Logical Operations a 
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mation since none of them examined the degree to which induc- 
tions in one area influence acquisition in other areas. 

Does the employment of such teaching strategies signify 
efforts towards hastening the process of development, i.e. accel- 
eration? It must be made very clear that the teaching strategies 
advocated in this discussion are not intended to accelerate the 
child’s development just for the sake of getting the child to do 
more and more, earlier and earlier, rationalized as preparation for 
a complex world. There is little to justify or commend this 
position. 

Undertaking these so-called “acceleration” or “induction” 
studies has value in order to assess the degree to which particu- 
lar teaching strategies are compatible with the child’s develop- 
mental level, and to determine the range of capability of chil- 
dren to handle such experiences. Susan Isaacs, for example, has 
pointed out that children do show signs of logical reasoning very 
early (Isaacs, 1930). The contention is that the signs of chil- 
dren’s competence are there if only we listen to what the 
children are telling us. Thus, we do not overlook their true 
capability, 

Such information can also prevent false starts by enabling 
identification of the child’s limits. 
+. This is the big danger of school—false accommodation which 
Satisfies a child because it agrees with a verbal formula he has been 
given. This is a false equilibrium which satisfies a child by accom- 


modating to words—to authority and not to objects as they present 
themselves to him. A teacher would do better not to correct a child’s 
schemas, but to provide situations so he will correct them himself 
( Piaget, quoted by Duckworth. 1964, p. 4). 

The teacher has to be cognizant of Piagetian theory to evaluate 
the degree to which children are able to assimilate material and 
accommodate correctly. Further, the sophisticated teacher is not 
about to force new cognitive structures as such, but rather will 
Provide the atmosphere in which optimal growth can take 
place, 
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Implications of Piagetian theory for curriculum 
development 


Curriculum is the core of the education enterprise. It is the 
knowledge that the child is expected to assimilate and to accom- 


general, and, in particular, in the nature of scientific knowledge 
(Piaget, 1964). 
Piagets theoretical model 


Curriculum must be se 
grades at school. Within a grade level 


provide a framework for the c 


urriculum planner, Implicit guide- 
lines for curriculum are pre 


sent and can be viewed by the 


THE PIAGETIAN SYSTEM AND EDUCATION 485 


curriculum developer then from two points of view: first, the 
guiding principles of development as reflected in the organiza- 
tion of substantive knowledge, and second, in the mental organi- 
zation of the learner. Having discussed the development of the 
individual, let us turn to an examination of content, 

Let us, for the sake of illustration, discuss Piaget’s description 
of the development of geometric operations. Piaget has indicated 
that topological intuitions precede projective ones, and that 
these in turn precede metric concepts (Piaget, 1964b). Children 
pay attention to the topological nature of a surface before they 
attend to its metric characteristics. This suggests, then, that a 
curriculum for Euclidean geometry might proceed as follows: 
topological, projective, metric. Does this mean that current prac- 
tices of teaching geometry are wrong? Students begin with Eu- 
clidean geometry, and only later, if ever, proceed to topological 
mathematics. Such a criticism would be justified only if we 
ignore the developmental level of the child and the level of 
knowledge involved. Euclidean geometry is frequently taught 
in the 10th grade, when the students are fourteen to fifteen, and 
have attained, in most instances, formal operational thought. By 
this age, topological qualities are already assimilated and appro- 
priate schemata evolved. If we were interested in teaching 
Euclidean geometry to children at the concrete operational 
stage, then it would behoove us to be concerned with the se- 
quencing of instructions for topological and projective geometrics. 
The sequencing has to be carefully examined on a long term 
basis, since “there is complete continuity in what mathemati- 
cians term geometrical intuition between the motor element orig- 
inally controlling perceptual activity and that which reappears 
at each successive stage of development right up to the final 
solution.” (Piaget & Inhelder, 1963, Pp. 450-451). | 

The topological and projectivé structures to be acquired at the 
Concrete operational level should not be confused with the oper- 
ations required to deal with topology as a mathematical science. 
Rather topology refers to discrimination of and attention to sur- 
face qualities of objects. The distinction needs to be made 
between the necessary and sufficient comprehension of relevant 
topological information, and similarly for projective geometry. In 
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effect, the level and quality of topological information needed as 
a prerequisite to comprehension of metric geometric operations 
must be carefully spelled out. 

The above illustration with respect to geometry points out the 
need for a careful detailing of the sequences involved in plan- 
ning the curriculum. In effect, the necessary operations required 
must be specified in an interdependent way so that each step is a 
new synthesis incorporating previous cognitions, e.g. as in num- 
ber (Piaget, 1952). For physical science and mathematics, the 
invariant sequences are readily apparent. Is the system as appli- 
cable for other fields of knowledge, e.g. history, economics, etc.? 

Application of the Piagetian model to social studies depends 
on how the genetic epistemological model can be used. The 
Piagetian system describes the general cognitive processes or 
operations involved in knowledge acquisition. It would therefore 
be reasonable to assume that information from the social envi- 
ronment is acquired by the same mechanisms. Thus, the social 
science curriculum builder may well find that the relevance of 
Piaget to his areas of concern lies more in the conception of 
mental operations than in the description of development in par- 
ticular subject matter areas. How knowledge is utilized and how 
problems are solved are means of identifying the underlying 
mental operations. The teacher who observes how the child 
thinks and reasons in one area will be alerted to how the child 
thinks and reasons in other areas. F, or example, the teacher who 
knows that a child is a nonconserver should be alert to the pos- 
sibility of nonconservation in social science concepts. The con- 
servation principle is relevant to the social domain, and this was 
recently demonstrated by Feffer & Suchotliff (1966), who em- 
ployed the concept in a study of social interaction, The concept 
of conservation apparently has wide applicability to many situa- 
tions (Saltz & Sigel, 1967). 

In effect, the curriculum builder has to determine which 
dimensions of the Piagetian system are relevant, e.g. the develop- 
ing principles that described the child’s transitions from senso- 
rimotor to formal operations, the inherent logic of the material. In 
any event, the Piagetian model provides an invaluable guide. It 
does what all fruitful conceptual frameworks do, namely, orients 


THE PIAGETIAN SYSTEM AND EDUCATION 487 


the individual toward the significance of phenomena that hereto- 
fore have been overlooked or taken for granted. 


Conclusions 


This has been a sketchy and brief description of the relevance of 
Piaget for education. The foregoing should be viewed as illustra- 
tive of what can, and, in my opinion, should be done in depth. 

There is no denying at the outset that the task is a formidable 
one and should not be viewed as a total solution to the curricu- 
lum problem. Piaget may not have envisaged the direct relation- 
ship with education proposed here (Flavell, 1963). I firmly 
believe that the touchstones between education and the Piage- 
tian model are so great, however, that the educational innovator 
would be remiss not to examine the relationships in depth. 

The mastery of any major thought system is, however, a diffi- 
cult task. To comprehend Skinner, or to comprehend Piaget, 
vritings and musing over their intentions. 
The question arises, is it worth the effort? The research literature 
on Piagetian concepts and ideas provides a convincing and sub- 
stantial body of knowledge which lends credence to the validity 
and value of the system for education. To be sure, some studies 
point out the limitations and suggest qualifications of Piagetian 
hypotheses, assertions and assumptions. But, is this not only to 
be expected? Is it not sufficient to provide evidence showing how 
Piaget’s work has profound contributions? o . 

In effect, turning toward Piaget for inspiration and guidance 
in the educational domain will enable education to make sub- 
stantial progress. Piaget forces us to TERRE our own concepts 
and constructs regarding children s thinking and the relationship 
of the development of thought to cognate areas. For him, as for 


many of us: 


means studying their v 


on is to create men who are capable of 


doing new things, not simply of repeating what other generations have 
done—men who are creative, inventive, and discoverers. The second 
goal of education is to form minds which can be critical, can verify, 
and not accept everything they are offered. The great danger today is 


The principle goal of educati 
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i inions, ready-made trends of thought. We 
a s pans, eee to criticize, to distinguish be- 
era bat is proven and what is not. So we need pupils who are 
ae joe learn early to find out by themselves, partly by their own 
ernie ae activity and partly through material we set up for them; 
= learn early to tell what is verifiable and what is simply the first 
idea to come to them ( Piaget, quoted by Duckworth, 1964, p. 5). 
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